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INTRODUCTION 
Excess algal populations in a series of embayments 
along the Potomac shoreline of Virginia have led to unde-
sirable pH levels and dissolved oxygen (DO) fluctuations. 
Waste discharges to the embayments are to be limited by the 
requirement of advanced waste treatment but the ultimate 
effect of the requirement on embayment water quality is 
presently unknown. A study is therefore being conducted to 
determine the factors affecting water quality in the embay-
ments and to develop predictive models to aid in the 
improvement and maintenance of embayment water quality. 
One water body selected for study is Little Hunting 
Creek which is located in the Mount Vernon area of Fairfax 
County, Virginia (Figure 1). The creek drains a 32.6 km2 
urban-suburban basin and consists of two upland branches 
which drain into a tidal section approximately 3 kilometers 
in length that joins a small embayment on the Potomac. 
Only the tidal portion of the creek is considered in this 
study. 
At present, Little Hunting Creek receives discharges 
within the tidal portion from a 6.6 mgd sewage treatment 
plant which is scheduled to go off-line as funds become 
available. A comprehensive data base of water quality con-
ditions in the creek was unavailable prior to this study. 
Neither had the effect of reducing wasteloads to the creek 
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Figure 1. Little Hunting Creek. 
{U.S.G.S. Mount Vernon Quadrangle) 
3 
been projected and quantified. The objectives of this investi-
gation were twofold - to provide the necessary data base of 
water quality in Little Hunting Creek and to develop a 
mathematical model capable of assessing the effects of 
wasteloading on the creek. 
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I. The Field Program 
The field program in this study was designed to 
provide a comprehensive data base useful in assessing 
water quality conditions in Little Hunting Creek and in 
calibrating and validating a predictive mathematical water 
quality model. A series of physical,slack water and inten-
sive surveys were conducted to provide this data base. 
A. Physical Surveys 
Physical surveys provide data about the physical 
characteristics of the system under study, e.g. surface 
area, channel bathymetry, tides and current. 
1. Surface area - An aerial survey consisting of both 
high tide and low tide flyovers of the creek was conducted 
on March 8, 1981 by a team from the Virginia Institute of 
Marine Science. From these photographs high tide and low 
tide surface area were planimetered. 
2. Channel bathymetry - Measures of channel bathymetry 
were taken during May, 1980, at the eighteen transects shown 
in Figure 2. A recording fathometer was used where depth 
was sufficient. Surface widths in the embayment were obtained 
from measurements on a 1:24000 topographic map. High tide 
and low tide surface widths for the creek area above the 
ernbayment were determined by comparing the topographic map 
measurements with values obtained by dividing segment 
surface area by segment length. This approach was used as 
5 
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t 
Figure 2. Little Hunting Creek bathymetry transects. 
6 
an aid in determining the extent of shallow area not fully 
indicated by fathometer readings. The distance of each 
transect from the mouth of the embayment, cross-sectional 
area and average depth of the conveyancy portion are pre-
sented in Table!. 
3. Tide stage - A Fisher-Porter recording tide gauge, 
programmed to record stage level at six-minute intervals, 
was installed near the point where the creek enters the 
embayment and operated from May 19 to August 29, 1980. 
The tide record is discontinuous, the gauge having failed 
to record the low stage levels for most tidal cycles. Few 
tidal cycles are preserved complete, gaps in the record 
being as great as six hours. The tide gauge record was 
supplemented during intensive studies by tide staffs placed 
at approximately .25 km and 2.5 km from the mouth of 
embayment (Figure 3). Tide staff and tide gauge records 
for the August, 1980 intensive are compared in Figures 4a, 
b,c and d. 
4. Current - Two current meters were emplaced in 
Little Hunting Creek from July 21-23 and August 19-22, 1980. 
One General Oceanics Model 6011 meter was placed at mid-
depth in the channel immediately upstream of the constriction 
near the embayment. Another G.O. meter was placed at approxi-
mately 1.5 km from mouth of embayment (Figure 3). Portions 
of the current records are presented in Figure 5. 
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Table I. Field Transects - Little Hunting Creek 
Transect Distance Conveyancy Conveyancy 
(km) Cross-Sectional Average 
Area (m2) Depth (m) 
A 0.0 200 0.9 
B NA NA NA 
C NA NA NA 
D 0.21 20 1. 8 
E 0.42 39 1.6 
F 0.69 27 1.2 
G 0.94 47 1.1 
H 1.25 19 1.6 
I 1.47 30 1.1 
J 1.79 53 1. 0 
K 2.03 42 1.2 
L 2.37 50 1.0 
M 2.49 44 1.0 
N tributary mouth 10 0.9 
0 tributary middle 8 0.8 
p tributary upstream 8 0.8 
Q 2.87 4 0.6 
R 3.34 3 0.5 
8 
0 
X 
X Sample Station 
T Tide Gauge 
C Current Meter 
Figure 3. Little Hunting Creek sample stations. 
(USGS Mt. Vernon quadrangle). 
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B. Slackwater Surveys 
Two kinds of water quality surveys were conducted as 
part of this study: a series of slackwater surveys and two 
intensive surveys. Slackwater surveys were conducted approxi-
mately bi-weekly from May 21 to September 30, 1980 (Table II). 
All surveys were conducted during daylight periods in view 
of constraints imposed by the shallow depths and obstructions 
to navigation in the creek. All but two of these slackwater· 
runs were conducted at high slackwater due to these con-
straints. The surveys were conducted under varying conditions 
of freshwater flow, stream temperature, and wasteloading and 
were designed to provide data both for assessing stream con-
ditions and for validation of the water quality model. 
1. Sampling stations - Eight sampling stations were 
maintained during the study - four stations along the axis 
of the creek, one station in the Potomac River immediately 
outside the embayment, one station above the head of the 
tide on Little Hunting Creek and one station on the North 
Branch tributary beyond tidal influence and one station 
measuring STP effluent. Stations are shown in Figure 3. 
2. Water quality parameters - At each station, samples 
were withdrawn from the mid-depth of the water column and 
analyzed for the following parameters: 
Total Kjeldahl Nitrogen 
Ammonia Nitrogen 
Chlorophyll 
CBOD5 
13 
Table II. Slackwater Schedule 
Date Time ~ 
5/21/80 1300-1400 High slackwater 
6/3/80 1100-1200 High slackwater 
6/24/80 0900-1000 Low slackwater 
7/8/80 1030-1200 Low slackwater 
8/14/80 0900-1000 High slackwater 
9/2/80 1300-1420 High slackwater 
9/30/80 1200-1300 High slackwater 
14 
Nitrate & Nitrite Nitrogen 
Nitrite Nitrogen 
Total Phosphorus 
Ortho Phosphorus 
CBOD30 {at le~st two 
occasions for 
each station) 
Total Organic Carbon 
Total Suspended Solids 
In-situ measures of dissolved oxygen, temperature, 
pH and secchi depth were also taken at each station. 
3. Input measurements - Concurrent with each slackwater 
survey, grab samples were taken from the STP effluent and 
analyzed for the same parameters as the stream samples. 
Long-term CBOD of the plant effluents was always analyzed. 
A probe was used to measure the DO of the effluent. Daily 
flow rates provided by the plant operators completed the 
data required to quantify the point source loadings. 
Prior to each survey, freshwater inflow at the two 
nontidal stations were gauged. This value, along with the 
water quality data sampled at these stations, allowed compu-
tation of the constituents transported into the tidal 
portion of the creek from upstream. 
The data from slackwater surveys are presented in 
Appendix A. 
C. Intensive Survey 
An intensive survey was conducted from high slack 
water (1600) on July 22 to high slack water {1800) on 
July 23, 1980. Sampling during this intensive survey was 
incomplete due to severe thunderstorms. A second intensive 
survey was undertaken from high water {1500) on August 20 
to high slack water {1700) on August 21, 1980. 
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The intensive surveys differed from the slackwater 
surveys in that sampling was conducted continuously for 
two tidal cycles (approximately 26 hours) providing data 
on the intratidal and diurnal parameter fluctuations in 
the creek. This intensive data provided the basis for the 
model calibration to be discussed in a later section. 
1. Sampling stations and parameters - Sampling was 
conducted at the seven slackwater stations shown in Figure 
3 and samples were analyzed for the same parameters. 
Sampling intervals were as noted below: 
Nitrogen and phosphorus parameters 
Chlorophyll 'a' 
CBOD5 
CBOD30 - beginning 
Total Organic Carbon 
Total Suspended Solids 
Dissolved Oxygen 
Temperature 
pH 
Secchi Depth 
Dye 
- two hours 
- two hours 
- two hours 
and mid survey 
- two hours 
- two hours 
- one hour 
- one hour 
- one hour 
- one hour 
- one hour 
The in-stream water quality data are presented in 
Appendix B. 
2. Input measurements - Sampling at the STP outfall and 
upstream inputs commenced one tidal cycle (approx. 12 hours) 
prior to the intensive survey and continued for the duration. 
Samples were collected hourly and composited into twelve-
hour samples representing the average concentrations of in-
flows to the creek during each tidal cycle. Samples were 
analyzed for the same constituents as during the slackwater 
16 
surveys. Grab samples of D.O. were taken whenever the 
composites were collected. 
Daily flow records of the STP for the period of 
the intensive survey were obtained from the plant operators 
and are presented in Table III. 
3. Dye survey - The dispersion and flushing character-
istics of the creek were investigated through dye studies 
conducted concurrently with the intensive survey. Beginning 
at the low slackwater prior to the survey and ending at the 
high slackwater at which the survey commenced, 8.33 gallons 
of 20% Rhodamine WT ·fluorescent dye were continuously dis-
charged to the creek through the STP outfall. 
For the duration of the intensive survey, dye 
samples were collected at each station. After completion 
of the intensive survey, special dye surveys were conducted 
at high slackwater three, four, six, eight and eleven tidal 
cycles and at low slackwater three and a half cycles 
following the dye release. 
After collection, dye samples were bottled and 
analyzed in a Turner Designs fluorometer. 
4. Tide staffs - As noted previously, tide stage near 
the mouth of the creek was recorded throughout the study. 
As an aid in evaluating tidal characteristics, staffs were 
placed at two stations (.25 km and 2.5 km) during the inten-
sive surveys. These staffs were read hourly as the water 
Table III. 
Date 
Station 
5/21/80 
6/3/80 
6/24/80 
7/08/80 
7/21/80 
7/22/80 
7/23/80 
8/14/80 
8/19/80 
8/20/80 
8/21/80 
9/02/80 
9/30/80 
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Fl~w Record - Little Hunting Creek 
(m /s) 
North Branch L.H.C. 
6 7 
. 343 .232 
.030 .014 
.005 
.399 
o.o 
.002 
.200 
0.0 .003 
.007 
.003 
.002 
STP 
8 
.27 
.19 
.24 
.22 
.22 
.24 
.23 
.25 
.20 
.20 
.20 
.21 
.23 
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samples were collected. These readings are presented in 
graphic form in Figures 4b and c. 
o. Sediment Oxygen Demand and Nutrient Fluxes 
s.o.o. in Little Hunting Creek was measured with 
a closed-chamber benthic respirometer at the seven creek 
sample stations. Measures were taken during May 20-21, 
1980 and are presented in Table IV. 
E. Diurnal Surve::.." 
Immediately following the slackwater survey of 
June 3, 1980 a 24-hour survey of diurnal variations in 
dissolved oxygen, temperature and chlorophyll 'a' was con-
ducted. Only the most downstream station in the creek 
(station 2) and the most upstream station still within 
tidal influence (.station 5) were sampled. Some samples 
were not taken due to a severe thunderstorm. The data 
from this survey is presented with that of the intensive 
surveys in Appendix B. 
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Table IV. Sediment Oxygen Demand - Little Hunting Creek 
Date Sta. Surface Surface s.o.o. 
Temperature (OC) 02 (mg/1) (gm/m2/day) 
Begin End Begin End 
5/20/80 1 22.0 20.5 7.2 7.0 3.0 
5/20/80 2 21. 0 19.5 5.3 5.6 2.6 
5/21/80 3 19.5 20.0 5.0 6.5 3 .. 0 
5/21/80 4 17.0 18.0 4.5 4.3 2.9 
5/21/80 5 18.0 17.9 6.0 5.8 2.9 
5/21/80 6 17.5 17.0 6.6 6.6 2.5 
5/20/80 7 19.0 19.0 5.6 5.7 1.3 
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II. The Mathematical Formulation of the Model 
Water quality in a tidal system is the result of a 
complex series of biochemical substance transformations 
and physical transport processes. Nutrient exchanges be-
tween the surroundings and the water column, and wasteload 
inputs exert additional influences on the system. Under 
these circumstances, it is difficult to predict the ultimate 
effect of changes in the use, wasteload or hydraulic character-
istics of the water body. A mathematical model is useful in 
this instance both to aid in understanding of the system 
and to provide consistent, rational forecasts of the response 
of the system to changes in specified factors. 
A complete model would couple the three-dimensional 
momentum and continuity equations describing physical trans-
port processes in the system with detailed description of 
the biochemical kinetics and sources and sinks of all dissolved 
constituents. Such a representation is neither economically 
feasible nor desirable. In practice, the modeller must 
isolate the dominant hydrodynamic terms, the dissolved con-
stituents of interest, and the kinetic terms which influence 
these constituents and next must abstract these into a 
model consistent with tractability, economy, and desired 
results. The model developed for Little Hunting Creek is 
described in the remainder of this chapter. 
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A. Hydrodynamic Sub-model 
Transport of dissolved constituent through the 
tidal portion of Little Hunting Creek is highly variable 
in several different time scales. During each 12.4 hour 
tidal cycle, flow in the creek is completely reversed. 
Channel cross-sections change radically in the same period 
as the tide range is only slightly less than the mean depth 
of the creek. 
Storm runoff also influences the hydrodynamic 
transport on an irregular basis. Due to the urban-suburban 
nature and small size of the catchment, runoff is expected 
to occur as large pulses of short duration which increases 
the stream flow and conveyance area to a great extent during 
the runoff period. 
Due to the transient nature of the transport pro-
cesses in the creek, it is appropriate to apply an intra-
tidal, real-time hydrodynamic sub-model. A one-dimensional 
longitudinal approach is employed as vertical and lateral 
parameter variations in the creek are assumed to be small. 
The model is based on the one-dimensional momentum and 
continuity equations. Solution of these equations provides 
velocity and cross-section area parameters to the conser-
vation of mass equation which is the basis of the water 
quality sub-model. Calibration and validation of the hydro-
dynamics sub-model will be effected in part by the solution 
of the one-dimensional mass-balance equation for a conser-
vative substance (Rhodamine WT dye). 
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1. Basic Equations 
Assuming incompressible flow of a homogeneous fluid, 
the one-dimensional equations of continuity, momentum and 
mass-balance for a conservative substance may be written 
respectively as 
where 
a l!l. + ao = q c1> at ax 
a {AS) + a {QS) = ~x (EA ~xs) + so at ax O 0 
tis time, 
xis distance along river axis, 
Bis the surface width of the river, 
n is the surface elevation referenced to mean 
sea level, 
Q is discharge, 
q is lateral inflow, 
A is cross-sectional area, 
g is gravitational acceleration, 
n is Manning friction coefficient, 
R is hydraulic radius of the cross-section, 
Sis concentration of dissolved substance, 
T is the surface shear stress, 
s 
pis the density of water, 
Mis the momentum source relating to lateral 
inflow, 
(3) 
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Eis the dispersion coefficient, 
S is source or sink of dissolved substance. 
0 
2. Method of Schematization 
To facilitate the solution of differential equations 
by finite difference method, the length of the tidal creek 
is divided into a number of reaches (or elements) bounded 
by transects at two ends. The top view of the longitudinal 
schematization is shown below in Figure 6. 
~xi I >I Sti I // 
--------------- - - - - ~&.-/ __________ _ 
I I 
I< 
_..,__.> Q. 
]. 
.th ]. 
transect 
A. 
]. 
* s. 
]. 
qi I I 
I I 
~ Qi+l I 
I I 
I I 
I I 
V. ,Sa. 
]. ]. 
.th (i+l)th ]. 
reach transect 
n. 
1 
s. 
]. 
Figure 6. Method of Schematization. 
in which the parameters given are 
/:J.x. = the distance between the centers-of two ]. 
reaches adjoining the ith transect, 
Q. = the flow rate through the ith transect, ]. 
A. = ]. the cross-sectional area of the ith transect, 
n. = the water surface elevation of the ith reach, ]. 
v. 
1 
Sa. 
1 
St. 
1 
q. 
1 
s. 
1 
* s. 
1 
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= the volume of the ith reach, 
= the surface area of the ith reach, 
= the surface area of the storage embayment 
in the ith reach, 
= the rate of total lateral inflow in the 
ith reach, 
= concentration of dissolved substance in the 
ith reach, 
= concentration of dissolved substance of the 
water flowing through the ith transect. 
3. Finite Difference Equations 
To write equation (1) into finite difference form 
it is first integrated with respect to x from the ith to 
the (i+l)th transects and substitute time differentiation 
with finite time difference, 
(n: - n.) (Sa.+ St. )/~t = S (Q~ - Q~+1 > 1 1 1 1 1 1 
+ (3 (Q. -Q·+1> + q. C 1 1 1 
where ~tis the time increment. The primed variables 
designate the quantities evaluated at time t + ~t and the 
(4) 
unprimed variables designate those at time t. 
weighting factors which satisfy 
f3 and a are 
C 
S + S = 1 C 
The momentum equation, equation (2), may be written 
in finite difference form at the ith transect as 
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1 1 ti + Qi+l • 1 (Qi + Qi+l] At (Q ~ - Q') + -;;-- 2 2 A A 
u 1 1 uXi i i+l 
Q. 1 + Q. 1- 1 
2 
• 1 [Qi-1 + Qi] J 
2 A. l A. 1- 1 
- gn. 2 AQ i IQ. IR. -4/3 + Ts B. + M. . ( 5) 
1 , 1 1 p. 1 1 
1 1 
where a and ac are weighting factors which satisfy 
a + a = 1 
C 
Similar to the continuity equation, the mass-balance 
equation for a conservative substance is first integrated 
with respect to x and, then, written as 
a cv s > = Q s* Q s* + (EA~) 
at ii ii - i+l i+l ax i+l 
- (EA~) + SO. ax , 1 
1 
or, in terms of finite difference in time, 
v~s~ - v.s. 
1 1 1 1 
~t 
* * 
a:s~... Q ... s* ... + (EA~) 
= 1 1 - i+l i+l ax i+l 
- (EA ~S) + SO. 
oX , 1 
1 
where Si and Si+l are concentrations in the water flowing 
* through the ith and (i+l)th transects respectively. S. 
1 
may be expressed as a function of concentrations in the 
(6) 
(7) 
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two adjacent reaches, i.e., 
* s. = y.S. 1 + o.S. 1 1 1- 1 1 
where 
and 
y. + o. = 1 1 1 
0.5 < y. < 1.0 
1 
y. < 0.5 
1 
4. Method of Solution 
if QI > 0 
1 
if QI < 0 
1 
(a) Continuity and Momentum Equations 
Equations (4) and (5) are a coupled system of 
algebraic equations, which needs to be solved simultaneously 
for n~ and Q~ for all i. The system is solved by substitu-
1 J. 
tion and elimination processes. Equation (5) may be 
written as 
where 
Q .... A 6t = cxg I -;;--
1 1 uX. 
1 
(Qi + Qi+l) (~~ + ~~:~] J 
- gn. 2 Qi lo. IR.- 4/ 3 6t 
1 A. 1 1 
1 
T 6t . 
+ .-2. B . 6 t + M . 6 t + ex g -;;- A . ( n . 1- n . ) p 1 1 C uX. 1 1- 1 
1 
( 8) 
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Substituting equation (8) into equation (4), it is 
obtained that 
or 
(9) 
where 
a. = aSgAi+l ~t / DlV 1 
~xi+l 
b. aSgA. ~t / DlV = 
~x. 1 1 
1 
c. = [<sai + Sti) / lit • n . + B [ ( CQ) . - (CQ) i+J l. l. 1 
DlV = (Sa.+ St.)/~t + af3g(A
1
. ~t + A ~t - l 
1 1. ~xi i+l ~xi+l 
To calculate the coefficient a., b. and c. at the 
1 1 1 
most upstream reach, say i =ml, some upstream boundary 
condition is required. The most common boundary condition 
for a tidal creek is the upstream nontidal discharge, 
specified as Qml for all time. With o;1 given, substi-
tution of equation (8) with i = ml+l into equation (4) 
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with i = ml, equation (4) becomes 
or 
where 
aml aSgAml+l 
~t / OlV = 
~xml+l 
cml = [ so;1 - S(CQ)ml+l + 8c (Qml - Qml+l) + qml 
+ (Saml + Stm1)/6t • nmJ / DlV 
DlV (Saml + Stm1)/~t + aSgAml+l 
~t 
~ 
~xml+l 
Equation (9) may be solved by elimination process 
if the downstream boundary condition n~ is given at the 
1. 
most downstream reach, say i = mu. Let 
(9a) 
where P. and o. are recursion coefficients yet to be deter-
1 1 
mined. Substituting 
n: 1 = P. 1n: + o. 1 ~- 1- 1. 1.-
into equation (9) it becomes 
n: = a.n:+1 + b. (P. 1n: + o. 1 > + c. 1 1 1 1 1- 1. 1.- 1 
or 
n~ = 
1 
a. 
1 
1-b.P. l l. 1.-
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b.O. l + c. ~ 1 1- 1 
n1. +1 + 1 b P 
- . . 1 l. 1.-
Comparing equation {11) with equation {10), the 
recursion equations obtained are 
P. = 
l. 
o. = l. 
a. 
l. 
1-b.P. l l. 1.-
b. O. l + C. l. 1.- l. 
1-b.P. l l. 1.-
Equation {9a) gives 
Pml = aml 
{11) 
. { 12) 
{12a) 
In summary, the numerical calculation will proceed 
as follows: 
{1) Calculate {CQ) . for m1+12i 2mu, equation { 8) • l. 
{2) Calculate a.,b.,c. for m12i 2mu-l, l. l. l. eqn. {9) or { 9a) • 
{3) Calculate P. and o. for ml2i 2mu-1, eqn. {12) or l. l. 
{4) Calculate n~ for ml2i 2mu-l, eqn. { 10) • l 
{5) Calculate Q~ for m1+12i 2mu, equation { 8) • l. 
{b) Mass-Balance Equation 
Equation {7) represents a system of algebraic 
equations, which may be solved by elimination process. Sub-
* * stituting Si~ and si~l' and rearranging the terms, equation 
{7) becomes 
{ 12a) . 
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v. 6t (EA as] 6t (EA~!]. J. s. + V: J. + v-: ax i+l - v-: 1 1 1 L. 
+ 6t So. ~ 1 
1 
The dispersive transport terms may be written as 
(EA ~] = 
8i - 8 i-l ~ E.A. A 
oX , 1 1 uX, 
1 1 
After substitution, equation (13} becomes 
s-: = a.s-:+1 + b.s-: 1 + c. J. J. J. J. J.- J. 
where 
a. = 1 
b. = 1 
6t O ~ 
- v': i+lQi+l 
J. 
6t Q~ / DlV ~ y .. 
, 1 1 
J. 
/01v 
o . a-:] 
1 1 
/01v 
Given the upstream boundary condition s;1 , s;l+l 
may be expressed in terms of s;1+ 2 through equation (14} 
with m = ml+l, i.e. 
(13} 
(14} 
' 
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where the only unknown on the right hand side of the 
equation is s;1+2 . Equation (15) may in turn be substi-
tuted back into equation (14) with i = ml+2, and thus one 
arrives at an expression for s;1+2 in terms of s;1+3 • In 
general, then exists the following relation 
S~ = P.S~+l + 0. 1 1 1 1 
where the recursion coefficients P. and o. may be calcu~ 
1 1 
lated from the upstream boundary condition s;1 . 
(16) 
Equation (16) is similar to equation (10) and, there-
fore, the recursion equations are the same as equation (12), 
i.e. 
P. = 
1 
o. = 
1 
a. 
1 
1-b.P. l 1 1-
b.O. l + c. 1 1- 1 
1-b.P. l 1 1-
Since s;1 is a known quantity, the comparison be-
tween equation (15) and (16) with i = ml+l gives 
p = a ml+l ml+l 
0m1+1 = bm1+18;1 + C ml+l 
or, comparing with equation (17) for i = ml+l 
p = 0 ml 
0
ml = 
s .... 
ml 
(17) 
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Then, the order of numerical computations is 
(1) Calculate the recursion coefficients by 
applying equation (17) repeatedly with i = ml+l, ml+2, 
mu+l. 
• • • I 
(2) With S~ given as the downstream boundary con-
mu 
dition, the concentration of the interior segments are cal-
culated by applying equation (16) repeatedly with i = mu-1, 
mu-2, 
• • • I ml+l. 
The term So in equation (13) in the _case will repre-
sent the effect of the change in storage volume with the 
change in tidal elevation. The storage in each segment will 
act as a source to the main channel when the tide is falling 
and act as a sink on the rising tide. The source term can be 
written as 
So.= - (Vs. - Vs.) Ss. 
1 1 1 1 
if Vs. < Vs. 
1 1 
where 
Vs. is storage volume of the ith reach at time t, 
1 
vs. 
1 
is storage volume of ith reach at time t + 6t,-
Ss. is concentration of dissolved substance in the 
1 
storage portion of the ith reach 
or 
So.= - (Vs. - Vs.) S. 
1 1 1 1 
if Vs. > Vs. 
1 1 
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B. Water Quality Submode! 
The water quality submode! used for this study is 
a one-dimensional, intra-tidal model which simulates the 
longitudinal distribution of cross-sectional average con-
centrations of water quality measures, including the 
temporal variation of these concentration fields in response 
to tidal oscillation. Much of the following water quality 
submode! is based on previous work by Hyer et al., 1977 
and Cereo and Kuo, 1981. The water quality measures simulated 
in the model include dissolved oxygen, carbonaceous oxygen 
demand, organic nitrogen, ammonia nitrogen, nitrite-nitrate 
nitrogen, organic phosphorus, inorganic phosphorus, and phyto-
plankton (quantified as chlorophyll 'a'). Temperature, tur-
bidity, and light intensity are important parameters for the 
biochemical interactions taking place, but are not modeled 
directly. Instead the values for these parameters are speci-
fied as inputs to the model. Their influence on the bio-
chemical reaction is taken into account mathematically, as 
indicated below. 
1. Basic Equations 
The submode! is based on the one-dimensional equation 
describing the mass-balance of a dissolved or suspended sub-
stance in a water body. 
a (AC) + a ( QC ) = a ( EA a C) + A • S + A • S . ( 18 ) 
at ax ax ax e J. 
where 
t = time, 
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X = the distance along the axis of the estuary, 
A = the cross sectional area, 
Q = discharge, 
C = the concentration of dissolved or suspended 
substance, 
E = the dispersion coefficient, 
S = the time rate of external addition {or e 
s. 
1 
withdrawal) of mass across the boundaries, 
i.e. free surface, bottom, and lateral 
boundary, 
= the time rate of increase or decrease of 
mass of a particular substance by biochemical 
reaction processes 
The advection transport term, the second term on 
the left hand side of the equation, represents advection of 
mass by water movement; the dispersive transport term, the 
first term on the right hand side, represents dispersion of 
mass by turbulence and shearing flow. These two terms 
represent the physical transport processes in the flow 
field and are identical for all dissolved and suspended 
substances in the water. They will be treated in the same 
manner as those in the mass-balance equation of a conser-
vative substance, i.e. eqn. 3. The last two terms of the 
equation represent the external additions and internal bio-
chemical reactions and differ for different substances. 
The model treats nitrogen, phosphorus, oxygen 
demanding material and dissolved oxygen through an inter-
acting system of eight components as shown in the schematic 
diagram, Fig. 7. Each rectangular box represents one 
Carbonaceous 
Biochemical 
Oxgen 
Demand 
(CBOD) 
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Figure 7. Schematic of Ecosystem Model 
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component being simulated by the model. The arrows between 
components represent the biochemical transformation of one 
substance to the other. An arrow with one end unattached 
represents an external source (or sink) or an internal 
source (or sink) due to some biochemical reaction. The 
mathematical expressions for the terms Se and Si for each 
of the eight components are presented in the following: 
a. Phytoplankton Population, CH - The phytoplankton 
population, quantified as the concentration of chlorophyll 
'a', occupies a central role in the schematic ecosystem 
of Figure 7 and influences, to a greater or lesser extent, 
all of the remaining non-conservative dissolved constituents. 
The mathematical representation describing internal bio-
chemical interaction and external sources (or sink) are 
S. = CH(G-R-P) 
l. 
and 
s = - CH•K /h 
e sch 
where 
CH = chlorophyll I a I concentration (µg/1) 
G = growth rate of phytoplankton (1/day) 
R = respiration rate of phytoplankton (1/day) 
P = mortality rate due to predation and other 
factors (1/day) 
Ksch = settling rate of phytoplankton {m/day) 
h = local depth (meters) 
(19a) 
(19b) 
Phytoplankton growth is dependent upon nutrient 
availability, ambient light, and temperature. The functional 
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relationships used in the model generally follow the forms 
of DiToro, et al (1971) and are as follows: 
where 
where 
G = kgr·T•I(Ia,Is,ke,CH,h) •N(N2,N3,P2) (20) 
I 
N 
I 
(),0 
I t 
k ' e 
h 
Temp. Light Nutrient 
effect effect effect 
0 
= optimum growth rate (1/day/C) 
= temperature (c0 ) 
= attenuation of growth due to suboptimal 
lighting 
= effect on growth of nutrient availability 
-a -a 
= 2.718 (e l_e 0) 
k h 
e 
= k' + 0.0088 •CH+ 0.054 • CHO.GG 
e 
24 t-t 7f • ( u ) 'f 
• -2 sin 7f t -t 1 tu<t<td 
ta-tu d u 
if t < t or 
u 
(21a) 
(21b) 
( 21c) 
(21d) 
(21e) 
= light extinction coefficient at zero chloro-
phyll concentration (!/meter) 
= light extinction coefficient corrected for 
self-shading of plankton (1/meter) 
= depth of water column (meters) 
= optimum solar radiation rate (langleys/day) 
= solar radiation at time t 
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I = total daily solar radiation (langleys/day) a 
t = time of sunrise, in hours u 
ta = time of sunset, in hours 
t = time of day in hours 
The nutrient effect, N, is based on the minimum 
limiting nutrient concept. 
where 
N = minimum 
N2 + N3 
K + N2 + N3 mn 
P2 
K + P2 
mp 
N2 = ammonia nitrogen concentration (mg/1) 
( 22) 
N3 = nitrite~nitrate nitrogen concentration (mg/1) 
P2 = orthophosphorus concentration (mg/1) 
K 
rnn 
K 
mp 
= half-saturation concentration for inorganic 
nitrogen (mg/1) 
= half-saturation concentration for ortho-
phosphorus (mg/1) 
The respiration rate, R, is a linear function of 
temperature. 
where 
R = a T 
a = temperature dependence of respiration· 
rate (1/day/CO) 
(23) 
Predation rate, P, should be dependent on the time-
variable herbivore population which is in turn dependent 
upon the phytoplankton population. To avoid adding an 
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additional trophic level to the model, however, a uniform 
rate of predation is assumed. 
b. Organic Nitrogen, Nl 
where 
s. = 
1 
K • T •Nl 
_n_l_2----....-- + a { R + a • P) CH 
Kh12 + Nl n r 
Se= -Nl•Knll/h + PNl + NPNl + BENNl/h 
= hydrolysis rate of organic nitrogen to 
ammonia {mg/l/day/0 c) 
{ 24a) 
{24b) 
= half saturation concentration for hydrolysis 
{mg/1) 
c. 
where 
PNl 
NPNl 
BENNl 
= ratio of organic nitrogen to chlorophyll 
in phytoplankton {mgN/µg Chl) 
= proportion of consumed phytoplankton 
recycled by zooplankton {0.4 assumed) 
= settling rate of organic nitrogen {m/day) 
= point source _wasteloading of organic 
nitrogen 
= nonpoint source wasteloading of organic 
nitrogen 
benthic flux of organic nitrogen 
{g/m2/day) 
Ammonia Nitrogen, N2 
s. = 
1 
Se = 
K • T•N2 K • T •Nl 
n23 
+ 
nl2 
- a •G•PR• CH 
Kh23 + N2 Khl2 + Nl n 
PN2 + NPN2 + BENN2/h 
= nitrification rate of ammonia to nitrate 
nitrogen {mg/1/day/Oc) 
{25a) 
{25b) 
PN2 
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= half-saturation concentration for nitrification 
(mg/1) 
= point source wasteloading of ammonia nitrogen 
NPN2 = nonpoint source wasteloading of ammonia 
nitrogen 
BENN2 = benthic flux of ammonia nitrogen (g/m2/day) 
PR = ammonia preference by phytoplankton given 
by 
N2•N3 N2•Kmn 
PR = (K + N2) (K + N3) + (N2+N3) (K + N3) 
mn mn mn 
Kron is the Michaelis constant. 
d. Nitrite-Nitrate Nitrogen, N3 
where 
s. = 
1 
K •T•N2 
_n_
2
-
3
----- -a •G• (1-PR) •CH 
Kh2 J + N2 n 
Se= - N3•Kn 33/h + PN3 + NPN3 + SENN3/h 
= escaping rate of nitrite-nitrate 
(26a) 
(26b) 
nitrogen (m/day), zero unless proved otherwise 
PN3 
NPN3 
BENN3 
= point source wasteloading of nitrite-
nitrate nitrogen 
= nonpoint source wasteloading of nitrite-
nitrate nitrogen 
= benthic flux of nitrite-nitrate nitrogen 
(g/m2/day) 
e. Organic Phosphorus, Pl 
Se = - Pl • Kpll/h + PP! + NPPl + BENPl/h 
(27a) 
(27b) 
where 
a p 
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= first order hydrolysis rate of organic to 
inorganic phosphorus (1/day/0 c} 
= ratio of organic phosphorus to chlorophyll 
in phytoplankton (mg P/µg Chl} 
Kpll 
PPl 
= settling rate of organic phosphorus (m/day} 
NPPl 
BENPl 
= point source wasteloading of organic 
phosphorus 
= nonpoint source wasteloading of organic 
phosphorus 
= benthic flux of organic phosphorus 
(g/m2/day} 
f. Inorganic (Ortho} Phosphorus, P2 
where 
S. = K •T Pl - a •G•CH 
1 pl2 p 
Se= - P2•Kp22 /h + PP2 + NPP2 + BENP2/h 
PP2 
NPP2 
BENP2 
= settling rate of inorganic phosphorus 
(m/day} 
= point source wasteloading of inorganic 
phosphorus 
= nonpoint source wasteloading of inorganic 
phosphorus 
= benthic flux of inorganic phosphorus 
(g/m2/day} 
g. Carbonaceous Biochemical Oxygen Demand, CBOD 
s . = - K • CBO D + a • a • ( a • p } • CH 
1 C C CO r 
Se= - CBOD•Ksc/h + PCBOD + NPCBOD 
(28a} 
(28b} 
(29a} 
(29b} 
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where 
K = first order decay rate of CBOD (1/day) C 
ac = ratio of carbon to chlorophyll in phyto-
plankton (mg C/µg Chl) 
aco = ratio of oxygen demand to organic carbon 
recycled = 2.67 
K = setting rate of CBOD (m/day) SC 
PCBOD = point source wasteloading of CBOD 
NPCBOD = nonpoint source wasteloading of CBOD 
The effect of temperature on K
0 
is given as 
Kc = Kc ( 2 0 ) • 1. 0 4 7 ( T-2 0 ) 
where 
Kc( 20) = decay rate of CBOD at 20°c. 
h. Dissolved Oxygen, DO 
where 
Kn23 •T•N2 s. = - K • CBOD-a • ----- + aco·ac·PQ•G•CH 
1 C no Kh2 3 + N2 
- a • a / RQ • R. CH CO C 
Se = Kr • (DOS - DO) - BENDO/h + POO + NPOO 
a 
no 
PQ 
RQ 
Kr 
DOS 
= ratio of oxygen consumed per unit of 
ammonia nitrified = 4.57 
= photosynthesis quotient (moles o2/mole C) 
= respiration quotient (moles co2/mole o2 ) 
= reaeration rate (1/day) 
= saturation concentration of DO (mg/1) 
(30) 
(31a) 
(31b) 
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BENIX) = sediment oxygen demand (g/m2/day) 
PDO = point source wasteloading of DO 
NPDO = nonpoint source wasteloading of DO 
The reaeration rate, Kr' is further defined 
(O'Connor and Dobbins; 1958). 
where 
Kr (20) = reaeration rate at 20°c 
K = 3.93 ro 
u = mean cross sectional velocity (m/sec) 
h = mean channel depth (m) 
The effect of temperature on the reaeration rate 
is evaluated (Elmer and West, 1961). 
Kr = Kr (20) • 1. 024 (T-20) 
Saturation dissolved oxygen concentration, DOs' 
(32) 
(33) 
is calculated as a function of water temperature from a 
polynomial fitted to the tables of Carritt and Green (1967). 
DO = 14.6244 - 0.367134T + 0.004497 T 2 
s 
The effect of temperature on sediment oxygen demand 
is evaluated by the equation (Thomann; 1972). 
BENDO = BENDO • 1 06S(T-20) ( 2 0) • 
(34) 
( 35) 
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2. Finite Difference Approximation and Method of Solution 
Equation (18) is approximated with a finite difference 
scheme and solved for the time varying concentration field in 
the same way as the mass-balance equation of a conservative 
substance, i.e. equation (3) in the hydrodynamic submode!. In 
instances where the equation of one constituent involves other 
constituents, the concentrations of the other constituents are 
expressed in terms of known values. Therefore, the biochemical 
interaction terms in the coupled ecosystem do not introduce 
additional unknowns for the finite difference equation of each 
individual constituent 9ver that of a conservative substance. 
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III. Model Application and Calibration 
Application of the mathematical model requires the 
specification of three groups of parameters - physical 
parameters, input parameters, and calibration parameters. 
Physical parameters are measures such as channel cross-
sectional area and depth which define the physical char-
acteristics of the water body. Input parameters are the 
variables upon which model predictions are based e.g. 
tidal forcing, temperature and wasteloadings. Calibration 
parameters are the coefficients or rate constants which 
cannot be measured directly but must be derived through 
repeated adjustments until the model can satisfactorily 
simulate the prototype behavior. 
A. Hydrodynamics Sub-model 
1. Physical Parameters 
a. Segmentation - Model transects were chosen to 
coincide when possible with the field bathymetry transects. 
Additional transects were placed at or near mid-distance 
between field transects. The characteristics of transects 
so chosen were interpolated from the adjacent field tran-
sects with additional reference to aerial survey information 
and available topographic maps. The transects are placed 
away from the regions of sharp bends or narrow constrictions 
and are spaced on an average of approximately 200 meters 
apart. Model segmentation is presented in Figure 8. 
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Figure 8. Model segmentation. 
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b. Conveyancy cross-sectional area - The conveyancy 
cross-sectional area below mean tide level was determined 
from field transects and tide gauge data for the times 
the bathymetry transects were taken. 
c. Total cross-sectional area - Total cross-
sectional area below mean tide level of the transects 
include shoals which merely store water. They were esti-
mated by comparing field bathymetry transects, aerial 
survey information and available topographic maps. 
d. Depth - Transect and reach depth below mean 
tide level were· calculated from field bathymetry data and 
tide gauge records. 
e. Surface area - Surface area of the conveyancy 
and storage portions of each reach were determined from 
aerial survey information. Conveyancy surface area was 
considered constant throughout a tidal cycle. The change 
in the total surface area from low tide to high tide was 
attributed to changing storage surface area only. The 
change was assumed to have a linear relationship with 
surface elevation above low tide. 
f. Storage volume - Storage volume below low tide 
was estimated from low tide surface area information and 
field bathymetry. The volume above low tide was calcu-
lated from storage surface area and tidal elevation. 
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g. Tidal amplitude - For purposes of calculating 
variable storage surface area, one-half of the average tidal 
range (.67 meters) was used. 
Values of the physical parameters used as input to 
the model are given in Table V. 
2. Input Parameters 
a. Upstream boundary condition - The discharge 
through the most upstream transect was set to zero and 
freshwater input into the most upstream model reach was 
treated as lateral inflow. 
b. Lateral _inflow - Daily values of runoff from 
the Little Hunting Creek drainage basin were supplied by 
the Northern Virginia Planning District Commission. Based 
on the distribution of drainage area along the creek, 
runoff was divided into two lateral inflows: three-fourths 
of the total going into the most upstream reach and one-
fourth going into the reach associated with the tributary. 
Values for these lateral inflows are read into the model 
once for each day of simulation. Discharge from the STP 
outfall averaged 0.22 cubic meters per second and was 
included as a constant lateral inflow to the model. 
c, Downstream boundary condition - At each 
iteration of time step a value for downstream surface 
elevation is read into the hydrodynamics sub-model. Surface 
elevation values so used were prepared from the tide gauge 
record measured near the mouth of the creek. 
Table v. Physical Parruneters 
Distance Conveyance Total Transect 
Transect from Mouth Cross-se~tional Cross-sec~ional Depth 
(km) Area (m) Area (m ) (m) 
2 3.64 1. 0 1. 0 0.8 
3 3.46 1. 7 2.0 0.8 
4 3.34 2.6 3.0 0.8 
5 3.10 3.4 5.0 0.8 
6 2.87 4.0 7.2 0.8 
7 2.72 5.0 8.0 0.8 
8 2.50 42.0 47.0 1.10 
9 2.37 42.0 57.0 1.10 
10 2.19 41. 0 51.0 1.20 
11 2.01 38.0 45.0 1.30 
12 1.79 36.0 64.0 1.20 ~ 
13 1. 56 32.0 50.0 1.20 \0 
14 1.24 26.0 35.0 1.60 
15 0.94 39.0 66.0 1.20 
16 0.69 30.0 44.0 1.30 
17 0.52 37.0 52.0 1.40 
18 0.38 44.0 51. 0 1.50 
19 0.07 44.0 51.0 1.50 
Table V (Cont'd) 
Conveyancy Storage Storage 
Reach Surface Surface Area Change in Volume 
Reach Depth Area Low Tide Surface Area Low Tide 
(m) (103m2 ) (103m2 ) (103m2) (103m3) 
2 0.8 0.5 .00 .00 .00 
3 0.8 0.85 .00 1.00 .00 
4 0.8 1. 0 .00 2.70 .00 
5 0.8 1.2 .00 4.30 .00 
6 0.8 1.6 .00 4.90 .00 
7 0.95 4.0 10.00* 25.00* 3.00* 
8 1.10 3.0 0.00 6.00 0.00 
9 1.15 1.5 .00 13.40 .00 
10 1. 25 6.0 .00 21. 80 .oo u, 
11 1. 25 5.6 .00 26.90 .00 0 
12 1. 20 8.5 1.00 23.20 .30 
13 1. 40 6.5 6.00 39.00 1.01 
14 1.40 8.1 5.80 36.20 .71 
15 1. 25 8.0 7.80 26.90 .90 
16 1.35 5.0 8.00 7.50 1.50 
17 1. 45 3.0 4.00 18.50 .70 
18 1. 50 5.0 3.50 16.00 .40 
* includes tributary 
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d. Initial conditions - As the hydrodynamics sub-
model was to be started at a point of time corresponding to 
that of the first sample taken during the August intensive 
survey, it was necessary to determine appropriate initial 
surface elevation, discharge and dye concentration for 
input to the sub-model. Initial conditions for surface 
elevation and discharge were arrived at by running the 
sub-model from two tidal cycles before the time corres-. 
ponding to that of the first sample. Output for the 
appropriate time from this run was used as initial con-
ditions in calibration runs made later. 
Dye concentrations in the creek could not be ade-
quately determined from field measurements made at the 
beginning of the intensive survey. Not until hour 4 (1900) 
was the concentration curve for dye sufficiently defined 
by field data. For this reason it was decided to set the 
initial dye concentrations for the model to the equivalent 
of background readings (0.2 ppb) and then, at a point in 
the simulation corresponding to hour 4 of the intensive 
survey, to redefine the dye concentrations for all model 
reaches to approximate the concentration curve measured in 
the field at that time. Field and model dye concentrations 
at hour 4 are presented in Figure 12. 
3. Calibration Parameters 
a. Friction coefficient - Model runs were made 
with the value of Manning's friction coefficient (n) varied 
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from zero to a maximum of 0.04. Results are compared with 
the most upstream tide staff readings in Figure 9. A 
value of 0.02 was chosen and assigned uniformly throughout 
the creek. 
b. Weighting factors - Implicit weighting factors 
for surface and velocity gradients affect the numerical 
stability and dispersion of the finite difference scheme. 
A compromise between the two needs to be reached. Test 
runs indicated that a value of 0.75 would result in a 
stable numerical scheme without introducing excessive 
numerical dispersion. 
c. Dispersion coefficient - The dispersion coef-
ficient (E} in the mass-balance equation (Equation 3} is 
determined by the relationship 
where 
E = 63.2 n R5/ 6 lul + E 
0 
n = Manning's friction coefficient, 
R = the hydraulic radius, in meters, assumed 
equal to mean depth plus surface elevation 
above mean tide level, 
U = the current velocity, in m/sec, and is equal 
to discharge divided by channel cross-
sectional area, 
E = a constant to be determined. 
0 
The calibration constant, E, was adjusted until 
0 
dye dispersion in the model satisfactorily reproduced that 
measured in the field. In this manner, a value for E of 
0 
1.0 square meters per second was determined. 
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4. Simulation Results 
The hydrodynamic sub-model was run for eleven tidal 
cycles, simulating a period corresponding to the beginning 
of the August 20-21 intensive field survey and ending with 
the last slackwater dye survey taken on August 26, 1980. 
Tidal height and current velocity for the first two tidal 
cycles of simulation were compared to tide staff readings 
and current meter records for the period of the intensive 
survey. 
The model results for tidal heights at the most 
upstream tidal station (station 5) after calibration are 
presented in Figure 10 which shows that the model simu-
lation at this point is quite good. 
The simulation of current velocities at two locations 
are compared to current meter records in Figure 11. Model 
results compare satisfactorily to field measurements in 
most instances. The notable exception occurs at the loca-
tion near the mouth of the creek (station 2). As can be 
seen from Figure 3 the flow at this location would be 
entering an area of rapid expansion in width of the creek 
on the flooding tide. The current meter record indicates 
a great amount of turbulence due to this rapid expansion. 
This condition cannot be replicated by the one-dimensional 
equations employed in the hydrodynamic sub-model. However, 
when the reverse flow on the ebb enters the narrow con-
striction at the bridge the current record shows little 
turbulence. During the ebb flow model results compare well 
with field records for station 2. 
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Model simulation of dye concentrations in the creek 
are compared graphically to hourly field samples in Figures 
12 through 34. In Figures 35 through 39, model results 
are compared to dye concentrations measured at 3.5, 4, 6, 
8 and 11 tidal cycles after the beginning of the intensive 
survey. As mentioned previously, concentrations measured 
in the creek at 1900 hours on August 20 were used to define 
the initial dye concentrations and are read into the model 
at the point in the simulation corresponding to hour 4. 
For a period equivalent to about four hours after initial 
concentrations in the model are defined in the above manner, 
the model fails to recreate the concentrations measured in 
the field for the downstream stations (stations 2 and 3). 
By hour 8, however, the model results compare well with 
the field measurements for all four stations in the creek. 
The assumption of total cross-sectional homogeneity is an 
approximation which cannot describe adequately the concen-
tration field during the initial mixing period after dye 
injection. Therefore, one dimensional dispersion the9ry 
always fails to apply during the initial mixing period and 
it is not surprising that the model results and field 
measurements do not agree between hour 4 and hour 8. 
To provide input to the water quality sub-model 
new initial conditions of surface elevation were determined 
from tide meter records and the hydrodynamics sub-model 
was used to simulate a 14 tidal cycle period corresponding 
to the 7 days from the August 14 high slackwater survey 
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Figure 31. Hour 23 (1400) of dye dispersion simulation. 
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Figure 36. 4.0 cycles (high slackwater) - dye dispersion 
simulation. 
71 
60.0 
f IELD DATA 0 
HODEL 
45,0 
m 30.0 (l_ ~ 
w 
>-
0 
15, 0 
0.0 " ,.. 0 
_o__:-
- I I I 
--1,0 0.0 1.0 2.0 3.0 4.121 
KILOME1ERS FROM CREEK MOU1H 
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simulation. 
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through the August 20-21 intensive survey. At each time 
step, for all reaches, instantaneous values of channel 
cross-sectional area, current velocity, surface elevation, 
dispersion coefficient, channel volume and storage volume 
were stored for use in the water quality sub-model. 
B. Water Quality Sub-model 
1. Input Parameters 
a. Point source loading - For each water quality 
parameter (except chlorophyll 'a') an average of the con-
centrations from four 12 hour composite samples taken 
during the August 20-21 intensive survey was used to 
determine point source input to the model. The average 
concentrations in milligrams per liter were converted to 
kilograms per day by using the average flow (4.45 mgd, 
0.195 m3/s) measured at the STP outfall during the intensive 
survey. The formulas for determining organic nitrogen and 
organic phosphorus (see Appendix C) gave zero or negative 
values for two samples. For the purpose of averaging, 
negative values were set to zero. The value for point 
source flow rate used in the model is the average of the 
value measured during the August 14, 1980 slackwater survey 
and the values from the August intensive survey. 
Values for the parameters measured at_the STP out-
fall are given in Table VI together with the values used 
and held constant throughout the model simulation. 
Date Time 
8/20/80 0300 
8/20/80 1500 
8/21/80 0300 
8/21/80 1500 
Model Input 
Table VI. STP Field Measurements (12 hour composite 
samples) and Corresponding Model Point 
Source Inputs 
Flow Org N NH4-N N02+N03-N Org P Ortho P 
(m3/s) (kg/day) (kg/day) (kg/day) (kg/day) (kg/day) 
.20 60.6 236. 30.8 0.0 2. 02 
43.8 253. 37.7 0.0 1.68 
.19 o. o· 239. 34.0 2. 36 1.01 
o.o 296. 43.1 2.19 1.18 
• 22+ 26.1 256 • 36.4 1.15 1.49 
CBODu D.O. Temp. 
(kg/day) (mg/1) (OC) 
288. 9.0 22.0 
281. 8.0 22.0 
286. 7.8 25.0 
288. 7.5 25.0 
286. 8.1 
+ STP flow rate is an average of the value for 8/14/80 (.24) and 8/20-21/80 (.20) 
'-l 
~ 
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b. Nonpoint source loading A daily time series 
of nonpoint source input to the creek for the period May 
1 - October 31, 1980 was provided by the Northern Virginia 
Planning District Commission (NVPDC). Runoff volume, mass 
fluxes of organic nitrogen, nitrate nitrogen, ammonia 
nitrogen, organic phosphorus, ortho-phosphorus, CBOD, 
u 
and dissolved oxygen concentrations were provided. Table 
VII gives the portion of this time series from 8/14/80 to 
8/21/80. 
The nonpoint loadings were obtained by the NVPDC 
through employment of the Commissions nonpoint source 
prediction models. Predictions were based on local rain-
fall data, land use data and other characteristics, and on 
calibration parameters determined in the Occoquan Basin 
study (Hydrocomp, Inc., 1977; NVPDC, 1979). 
Based on the distribution of drainage area along 
the creek, nonpoint source loadings were divided into two 
parts: three-fourths of the total going to the most up-
stream reach, one-fourth going to the reach containing 
the tributary. Daily totals for nonpoint loadings are 
read into the model for each day simulated. 
In Appendix D NVPDC predictions of nonpoint 
loadings are compared with estimates of total daily loading 
to the creek. Since little information existed on the 
nontidal flow into the tributary (station 6), the estimates 
of loadings to the creek were based on the flow through 
station 7 and on the distribution of drainage area. 
Table VII. Non-point Source Loadings 
Date Flow Org N NH4-N N02+N03-N Org P Ortho P CBODu D.O. 
(m3/s) (kg /day) (kg/day) (kg/day) (kg/day) (kg/day) {kg/day) {mg/1) 
8/14/80 .045 1.1 0.4 2.9 0.2 0.1 9.5 10. 
8/15/80 .037 1. 0 0.3 2.5 0.2 0.1 8.2 10. 
8/16/80 .051 16.4 2.1 6.7 2.2 0.7 97.3 10. 
8/17/80 .028 0.7 0.2 1. 8 0 .1 . 0.1 5.9 10. 
8/18/80 .722 300.5 35.8 91.3 39.6 12.8 1749.5 10. 
8/19/80 .045 6.0 0.9 3.2 0.8 0.3 35.9 10. ....J 
"' 
8/20/80 .023 0.6 0.2 1. 5 0.1 0.0 5.0 10. 
8/21/80 .020 0.5 0.2 1.3 0.1 o.o 4.5 10. 
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Concentrations in milligrams per liter were converted to 
kilograms per day by using the measured upstream flow rate. 
This flow rate was multiplied by a factor of 1.33 to take 
into account input to the tributary. For further comparison, 
Table VIII gives the NVPDC predictions in mg/1 and the 
field measurements from station 7. 
It can be seen from Table VIII and the graph in 
Appendix D (Figure D8) that there is little agreement between 
measurements made at the nontidal station and nonpoint model 
prediction for DO. The NVPDC prediction for nonpoint DO 
concentrations was a constant value of 10 mg/1 for the 
months of May through September. The highest concentration 
recorded in the field was 8.0 mg/1. Except for the one 
measured in May when temperature was below 20°c, the DO 
data may be separated into two groups. Those measured 
during dry periods (freshwater runoff< 0.01 m3/sec) ranged 
between 6.3 and 8 mg/1. The others measured during storm-
water runoff events (freshwater runoff> 0.1 m3/sec) were 
typically around 5 mg/1. DO concentrations of 4.5, 4.2 and 
5.3 mg/1 were measured on three occasions during stormwater 
runoff events. Since the nonpoint source contributes little 
to the water quality of the reek during dry period, the 
average value of DO concentration measured in runoff events 
only were used to substitute for the NVPDC prediction. Thus, 
a constant value of 4.7 mg/1 was used as model input for 
nonpoint DO. 
Table VIII. Concentrations of Nonpoint Runoff as Predicted by NVPDC 
and Field Measurements at Station 7. Concentrations are 
in mg/1 except chlorophyll which is in µg/1. 
Org.N NH4-N N02 + N03 Org.P Ortho-P CBOD D.O. Chl. 
5/21/80 NVPDC .68 .10 .37 .10 .03 4.1 10.0 0.0 
Sta.7 .49 0.1 .55 .04 .06 7.7 8.0 1.4 
6/3/80 NVPDC 2. 77 .33 .85 .37 .12 16.2 10.0 0.0 
Sta.7 • 72 <0.1 .25 .15 .05 10. 3 6.3 56.8 
6/24/80 NVPDC .21 .08 .56 .04 .03 1.9 10.0 o.o 
Sta.7 .29 <0.1 .05 <.08 .02 2.4 6.3 2.7 ~ 
CX) 
7/8/80 NVPDC 1.18 .14 .37 .16 .05 6.8 10.0 o.o 
Sta.7 .48 <0.1 .64 .06 .04 20.6 4.5 3.3 
7/22/80 NVPDC .67 .08 .21 .09 .03 3.9 10.0 
Sta.7 .47/.38 <0.1 .40/.33 <.07/<.08 .03/ .02 14.7/16.8 -/4.2 6.4/5.5 
7 /23/80 NVPDC . 80 .11 .43 .11 .04 4.8 10.0 o.o 
Sta.7 .39/.18 0.1/<0.l .50/.38 <.05/<.06 .05/.04 6.0/8.5 -/5.3 2.4/3.7 
8/14/80 NVPDC .29 .09 .74 .06 .03 2.4 10.0 o.o 
Sta.7 .22 <0.1 .14 .03 .07 5.6 7.5 26:0 
8/20/80 NVPDC . 30 .09 .77 .07 .02 2.6 10.0 0.0 
Sta.7 .57/.40 0.1/0.8 .18/.23 .06/<.04 .04/ .06 6.5/6.0 6.5/6.3 6.2/0.6 
8/21/80 NVPDC' .29 .11 • 77 .05 .03 2.7 10.0 o.o 
Sta.7 0.2/0.3 0.3/0.6 .22/.30 .13/.11 .07/.09 4.0/4.0 6.9/6.9 0.0 
9/2/80 NVPDC .31 .12 .87 .06 .06 3.1 10.0 o.o 
Sta.7 .19 <0.1 .37 <.07 .03 9.6 7.9 25.8 
9/30/80 NVPDC .29 .09 .74 .09 .oo 2.8 10.0 o.o 
Sta.7 0.1 <0.1 .12 <.04 .06 2.6 6.8 16.0 
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As with nonpoint DO, the NVPDC assumption for 
chlorophyll (0.0 µg/1) was not born out by field measure-
ments (Table VIII). Again, an average of measurements 
made during the runoff events was substituted for the 
nonpoint model prediction for chlorophyll. In this manner 
a value of 4 µg/1 was used to determine nonpoint chlorophyll 
loadings in grams/day. 
c. Solar radiation - A monthly average daily solar 
radiation of 450 langleys for the month of August (U.S. 
Dept. of Commerce Weather Bureau) was employed. Daily 
values for solar radiation were not yet available. 
d. Benthic fluxes - Values for sediment oxygen 
demand (SOD) were obtained from flux studies of Little Hunting 
Creek undertaken by VIMS in May, 1980 (SOD only) and June, 
1981 (SOD, NH4-N, N0 2 +N0 3-N, Ortho-P). Sediment oxygen 
demand was measured in 1980 as 2.5 gram/m2/day at station 
2 and 2.9 gram/m2/day at stations 3, 4, 5. This same 
distribution was employed in the model. In the model 
reaches corresponding to the creek upstream of station 5 
the SOD was tapered down to 1.0 gram/m2/day (see Table IX). 
Although a study of nutrient fluxes was undertaken 
by VIMS in 1981 the field technique was still under develop-
ment. The data from this study was not employed in the 
model. 
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Table IX. Benthic Fluxes Used in the 
Little Hunting Creek Model 
(gm/m2/day)' 
Midpoint of 
Model Reach DO Flux Nitrate Flux Reach (km) 
2 1.0 0.3 3.55 
3 1.0 0.3 3.40 
4 1. 0 0.4 3.22 
·5 1.0 0.5 2.99 
6 1.6 0.7 2.80 
7 2.2 0.9 2.61 
8 2.9 1.5 2.44 
9 2.9 1.5 2.28 
10 2 .• 9 1. 6 2.10 
11 2.9 1.6 1.90 
12 2.9 1.5 1.68 
13 2.9 0.7 1.40 
14 2.9 0.2 1.09 
15 2.8 o.o 0.82 
16 2.7 0.0 0.60 
17 2.6 0.0 0.45 
18 2.5 o.o 0.23 
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e. Boundary conditions - The downstream boundary 
condition for each parameter is the concentration measured 
at the station near the mouth of the creek {station 2), 
the location of which is approximately that of the most 
downstream transect of the model. The values employed 
in the model are given in Table X. 
Table x. Downstream Boundary Conditions 
Org N NH -N N02 + N03-N Org p Ortho P CBOD D.O. Chl. 'a' 4 u 
< mg/1 > {µg/1) 
0.7 0.3 .92 .12 .02 7.4 11.1 27.0 
Since the upstream runoff is accounted for by the nonpoint 
source, a no flux upstream boundary condition is specified. 
f. Temperature - Temperature was read in every 
other day of simulation. Temperature varied from 28°c on 
the first day of simulation to 25.3°c on the last day. 
g. Extinction coefficient - The average values 
the extinction coefficient as measured during.the August 
20-21, 1980 intensive survey for stations 2 through 5 
were 3.5, 3.8, 3.5 and 2.9 per meter, respectively. The 
of 
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value of 3.5 per meter was used in the model for the 
entire creek. This value compares closely to field 
measurements. 
h. Current velocity - Values of current velocity 
at each model transect for each time step are read from 
output of the hydrodynamic sub-model. 
i. Surface elevation, cross-sectional area and 
reach volume - Values for each model reach for each time 
step are read from output of the hydrodynamic sub-model. 
j. Dispersion coefficient - Values for the dis-
persion coefficient (E) are obtained from the hydrodynamic 
sub-model output for each transect at each time step. 
2. Calibration Parameters 
Calibration of the water quality sub-model was 
conducted in the following manner: A set of initial con-
ditions for each water quality parameter, based on data 
collected on the August 14 slackwater survey were provided 
to the model as initial conditions. Simulations of the 
period from August 14 to August 21 were then conducted 
using the inputs specified in the preceeding sections. 
The results of that part of the simulations corresponding 
to the August 20-21 intensive survey in the form of maximum, 
average and minimum values for the last two tidal cycles 
for each parameter were compared to corresponding maximum, 
average and minimum values obtained from the field inten-
sive survey. Successive model runs were conducted in which 
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the various rate constants and calibration parameters were 
varied until a reasonable fit between field data and model 
results was achieved. The values of the calibration 
parameters so determined are presented in Table XI. 
Initial calibration runs provided predictions of 
nitrite-nitrate nitrogen far in excess of the observed 
concentrations. In order for model predictions to match 
field measurement from the intensive survey it was necessary 
to introduce denitrification in the form of benthic flux of 
nitrite-nitrate nitrogen. A maximum value of 1.6 gram/m2/ 
day was assigneq to the reaches corresponding to the creek 
from station 4 to station 5. This value was tapered to 
zero in the reaches below station 4 and tapered to 0.3 in 
the reaches above station 5 (see Table IX). 
Denitrification is a bacteria process in which 
nitrate is used by some bacteria and fungi for respiration 
in place of oxygen. The nitrate is reduced to nitrogen 
gas through the process. It is generally accepted that 
denitrification requires essentially anoxic condition 
(Brezonik, 1977). The sediment-water interface is an ideal 
location for denitrification. Sediments, particularly those 
in the vicinity of sewage outfall, are usually permanently 
anoxic within a few mm of the surface and furthermore are 
generally rich in organic matter on which a nitrifying flora 
can grow. Since nitrate cannot be found under anoxic con-
ditions, it must be supplied from elsewhere. Diffusion of 
Table XI. Calibration Parameters - Water Quality Sub-model 
(The symbols of parameters are presented in equations (19) to (35)) 
a. Phytoplankton Related Parameters 
k I K K a gr o s mn mp 
1/day/C langleys/day mg N/1 mg P/1 l/day/c0 
.13 340. .025 .001 0.008 
a PQ RQ 
C 
mg C/µg Chl moles o2/mole C moles CO2/mole 02 
.042 1.4 1.0 
b. Nutrient Transfer and Decay Coefficient 
Knl2 
.. 0 
mg/1/day/C 
Kn23 
- 0 
mg/1/day/C 
0.005 • 03,7 
c. Settling Coefficient 
Knll Kn33 Kpll 
m/day m/day m/day 
0.12 .oo 0.12 
K pl2 0 
1/day/C 
0.005 
Kp22 
m/day 
0.17 
Kc (20) 
1/day 
0 .10 
K 
sch 
m/day 
0.09 
p 
1/day 
.00 
a 
n 
mg N/µg Chl 
Khl2 
mg/1 
1.0 
K SC 
mjday 
0.10 
.007 
Kh23 
mg/1 
2.0 
a p 
mg P/µg Chl 
.001 
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nitrate downward from the overlying water could be a major 
source, thus resulting in a benthic flux of nitrate. 
Edwards and Rolley (1965) found denitrification rates varying 
from 0.1 to 1.5 gram/m2/day in the sediment of an English 
River. Denitrification rates varying from .065 to 1.1 gram/ 
2 2 
m /day with an average nitrate removal rate of 0.9 gram/m / 
day were estimated by Van Kessel (1977) for an 800 meter 
stretch of a canal receiving sewage effluent. His laboratory 
experiments with undisturbed water-sediment profiles from 
the canal showed that the disappearance of nitrate was 
caused mainly by denitrification in the sediment. 
As can be seen in Table VIII and Appendix D (Figure 
D4) NVPDC predictions of nonpoint loadings of nitrite-
nitrate are high for the calibration period when compared 
to field measurements of concentration and to estimates of 
total loadings. Also, unusually high values for point source 
loadings were recorded during the August intensive survey 
(see Appendices A and B). In light of this evidence model 
runs were made to determine to what extent reducing the 
point source and eliminating the nonpoint source inputs 
would reduce the necessary benthic flux of nitrite-nitrate. 
For these runs nonpoint inputs of nitrite-nitrate were 
reduced to zero while point source loadings of nitrite-
nitrate were computed based on the lowest concentration 
recorded at the STP outfall during the August intensive. 
Point source loadings were thus reduced from 36.4 to 30.8 
kg/day. Under these conditions the rate of flux of nitrite-
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nitrate to the sediments could be reduced to 0.8 gram/m2/day 
at the point of greatest loss and the model results still 
compare well with field data. From these studies it can be 
inferred that some process was removing nitrite-nitrate 
nitrogen from the water column at a relatively high rate. 
The most plausible candidate for this removal mechanism is 
denitrification in the extensive shallow areas of the creek. 
3. Simulation Results 
The results of the water quality sub-model cali-
bration are compared with data from the August 20-21, 1980, 
intensive survey in figures 40-47 for organic nitrogen, 
ammonia nitrogen, nitrite+nitrate nitrogen, organic phos-
phorus, inorganic phosphorus, CBODu' chlorophyll 'a' and 
dissolved oxygen, respectively. On the graphs are indicated 
the maximum, average and minimum over the two tidal cycles 
of the intensive survey. For comparison, the graphs also 
give the maximum, average and minimum concentrations for the 
appropriate tidal cycles of the model simulation corres-
ponding to the field survey. 
The results of the calibrated model generally agree 
well with the field data with the exception of inorganic 
phosphorus for which the concentrations are too high in the 
upper model reaches. These results will be discussed under 
the topic of sensitivity analyses. 
Some examples of the real-time variations in model 
output during the last two tidal cycles of the final 
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Figure 40. Calibration results - organic nitrogen. 
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calibration run are presented in Figures 48 through 50. In 
these figures model output for ammonia, chlorophyll 'a' and 
dissolved oxygen are compared to field data from the 
August 1980 intensive survey. 
The real-time DO variations consist of two components, 
the semi-diurnal and the diurnal variations. The former is 
due to the tidal advection of longitudinal DO profile, and 
the latter is due to the photosynthesis and the respiration 
processes of phytoplankton and other aquatic vegetation. 
Field data of the Little Hunting Creek exhibit semi-diurnal 
variation throughout the Creek, while the diurnal variation 
is more pronounced in the upper portion of the Creek. Figures 
SOC and 50d show that the model satisfactorily simulates the 
real-time DO variations at stations 2 and 3. The model pro-
duces much smaller ranges of variations than those of the 
field data at stations 4 and 5 (Figures 50a and 50b). 
The upper portion of the Little Hunting Creek was 
observed to be covered by rooted aquatic vegetation during 
the field surveys. The detailed vegetation coverage in the 
Creek was also reported by Dounlete (1976). Except the 
narrow channel, the upper portion of the Creek is fully 
covered by vegetation. The one-dimensional model simulates 
the cross-sectional average tidal advection while the field 
data were collected in the channel in which the tidal 
advection is much stronger than that of cross-sectional 
average. To reproduce the semi-diurnal variations in the 
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Figure 48. Ammonia-field data (August, 1980 intensive 
survey) versus model output. 
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Figure 49. Chlorophyll 'a' - field data (August, 1980 
intensive survey) versus model output. 
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channel, some sorts of two-dimensional or quasi two-
dimensional approach is required. 
The diurnal DO variation due to phytoplankton can 
be estimated from the diurnal change of phytoplankton popu-
lation. Based on field data, it was estimated that phyto-
plankton would contribute to 1.7 mg/1 and 1.2 mg/1 of 
diurnal DO variations at station 4 and 5 respectively. 
These values are much smaller than the large variations of· 
field data. It is suspected that the extensive rooted 
aquatic plants may play a role in the DO variation. Wetzel 
(1980) reported a summer month DO production and consumption 
2 
rates of about 0.2 gm/m /hr by Zostera marina (a submerged 
aquatic vegetation). Short of information on rooted aquatic 
. plants, a model sensitivity run was made using a sinusoidal 
variation of DO production-consumption with a peak rate of 
2 0.2 gm/m /hr. The model results of DO variation were compared 
with field data in Figure 51, which indicate that the ranges 
of diurnal DO variation predicted by the model are close to 
field data. Therefore, the rooted aquatic vegetation is a 
potential factor contributing to the discrepancy between 
model results and field data. However much research is 
needed before the role of rooted aquatic plants can be 
successfully incorporated into a water quality model. 
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IV. Model Validation 
For the purpose of validation the model was run 
for 195 tidal cycles simulating the period from the slack-
water survey of 5/21/80 to the end of the tide gauge record 
on 8/29/80. The data from the tide gauge record were com-
piled and used as the downstream boundary condition for the 
hydrodynamic submode!. At times during the period between 
5/21-8/29/80 water level in the creek fell below the minimum 
recording level of the tide gauge. As a result, part of some 
tidal cycles had to be estimated. Validation of the hydro-
dynamics submode! ·is provided by comparing the tide staff 
readings made at station 5 during the July 22-23, 1980 inten-
sive survey to model output for the same period (Figure El). 
The results are presented in Appendix E and, as can be seen, 
upstream surface elevations as predicted by the model compare 
well to those measured in the field. 
For this simulation point source loadings were assumed 
to be constant and were determined by averaging measurements 
made at the STP outfall during the slackwater and intensive 
surveys of 1980. The average values for point source loadings 
' determined in this manner are presented in Table XII. 
TABLE XII. Point Source Loadings for Model 
Validation Run 
Flow Org.N NH4-N N02+N03-N Org.P Ortho P. CBOD D~O. 
(m3/s) <~~~~~~~~~~ kg/day ~~~~~~~>(mg/1) 
.22 33.7 343.7 34.1 1.14 1.48 301.0 8.0 
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As in the calibration runs, nonpoint source loadings 
were read in for every day of simulation. Initial concen-
trations in the creek were determined from measurements made 
during the 5/21/80 slackwater survey. Downstream boundary 
conditions were changed during the simulation at times 
corresponding to the dates of the field surveys (tidal 
cycles 25.0, 65.5, 92.5, 120.0, 164.0, 176.0). Boundary 
conditions were thus read into the model at roughly two week· 
intervals of simulation. With two exceptions, boundary 
conditions were determined from high slackwater data collected 
at station 2. The two exceptions were the June 24 and the 
July 8 survey which were conducted at or near low tide. For 
these two surveys data collected at station 1 in the Potomac 
River was used to define boundary conditions for the period 
of simulation following each survey. Water temperature was 
also varied according to field survey measurements. Temp-
erature was read into the model on an average of about every 
ten tidal cycles, with values between field surveys arrived 
at by linear interpolation. 
Results of this long-term simulation are presented 
graphically in Appendix E. Model results are compared to 
concentrations measured in the field during the slackwater 
runs and to the average concentrations determined from the 
intensive and diurnal surveys. A maximum of eight values 
per station were obtained from the field surveys for com-
parison to model output. However, only for the most down-
stream station in the creek, station 2, were all eight 
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samplings made. Stations 3 and 4 were not sampled during 
the June 3-4 diurnal survey. Bad weather on the 7/8/80 
slackwater forced the field crew off the creek before 
stations 4 and 5 were sampled. Data for station 5 on 6/24/80 
is also missing. 
The model results for stations 2 and 3 exhibit a 
strong influence by the downstream boundary conditions. 
Although a change in the boundary condition can be detected 
at station 4, the effect is much less pronounced than at 
station 3. Any boundary condition effect at station 5 is 
usually lost in the variations in concentration and range 
due to changes in nonpoint inputs or to diurnal variations. 
Rain events appear on the graphs at stations 4 and 
5 as rapid increases or decreases in concentrations, de-
pending on the parameter. The effect of rain events, on 
concentrations at stations 2 and 3 is considerably damped. 
The model simulation results for ammonia nitrogen 
(Figure E2) compare well with field data for stations 2, 3 
and 4. Predicted concentrations at station 5 run high in 
comparison to field data for the period from cycle 164 to 
cycle 177. This corresponds to the calibration period and 
results here echo those of the final calibration run. The 
results for nitrite-nitrate nitrogen (Figure E3) compare 
well with field results for all stations with the exceptions 
of stations 4 and 5 for the period corresponding to the 
July intensive survey (around cycle 121). During the period 
of high nonpoint runoff model predictions are lower than 
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corresponding field data. Perhaps there exist some delay 
between the time of precipitation over the creek drainage 
basin and the entry of runoff into the tidal portion of 
the creek which has not been taken into account in the 
nonpoint source model. 
Comparing graphs for stations 4 and 5 for ammonia 
nitrogen reveals a phase difference of about 180° in the 
concentration curves at those stations. Concentrations are 
lowest at high tide at station 4 and are highest at high 
tide at station 5. The STP outfall is located between 
stations 4 and 5 and such a phase difference would be ex-
pected for those parameters for which the point source inputs 
are dominant. Rain events are indicated in the graphs of 
ammonia and nitrate-nitrite nitrogen by rapid decreases in 
concentrations at the upstream stations. These effects, along 
with the results of the sensitivity analysis are further 
evidence for the dominance of point source inputs over non-
point inputs for these two parameters. 
Long-term model predictions for organic nitrogen 
(Figure E4} are generally in agreement with field data. With 
the exceptions of the low slackwater survey of 7/8/80 (cycle 
92.5} the field data points generally fall within or just 
outside the range of concentrations predicted. Concentra-
tions of organic nitrogen also exhibit the phase difference 
between stations 4 and 5 but only during periods of no 
major rain events. Rain events are revealed in the graphs 
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of organic nitrogen by rapid increases in concentrations. 
This indicates that nonpoint loading is an important source 
of organic nitrogen and can become the dominant source 
during periods of heavy runoff. 
In general, field data points fall within or near 
the concentrations predicted for inorganic {ortho) phos-
phorus {Figure ES). A notable exception is the concen-
trations measured during the 8/14/80 {cycle 164.0) high 
slackwater survey at stations 4 and 5. This survey is 
unique among the slackwater surveys, not only in the magni-
tude of its measurements of inorganic phosphorus, but also 
in that it is the only slackwater survey where high con-
centrations were recorded at all four stations along the 
creek. 
Organic phosphorus concentrations (Figure E6) 
predicted by the model for stations 2 and 3 agree well 
with field data. At stations 4 and 5 the model does not 
predict the low concentrations measured during the July 
22-23, 1980 (cycle 120-121) intensive survey. And, as with 
inorganic phosphorus, the fi·eld data for 8/14/80 (cycle 
164.0) are much higher than model simulation results at 
stations 4 and 5. 
In the graphs for organic and inorganic phosphorus 
rain events are indicated by a very rapid rise in predicted 
concentrations. The magnitude of these increases suggest 
that nonpoint source inputs dominates, at least for the 
upstream stations. A diurnal variation in inorganic 
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phosphorus concentrations at all four stations is also 
indicate~ l?.Y th_~ 9ra_phs. 
Long-term predictions for CBOD concentrations 
{Figure E7) compare well in general for stations 2, 3 and 4. 
Predictions for station 5 compare well with field data with 
the exception of the measurement during the 8/14/80 survey 
which is well above predicted values. 
In most-instances model predictions of chlorophyll 
'a' concentrations at all stations compare well with field 
data {Figure ES). However, predictions for stations 4 and 
5 for the period corresponding to the 6/24/80 slackwater 
J 
survey (cycle 65.5) are well above field measurements. The 
average values obtained from the diurnal and intensive sur-
veys fall within or near the model predictions. This, taken 
with the calibration results for chlorophyll, indicates that 
while the model does not reproduce the range of chlorophyll 
in a diurnal cycle, it appears to adequately predict the 
average concentrations for the cycle. 
Rain events are discernable in the graphs of chloro-
phyll as rapid decreases in concentrations at stations 4 and 
5. While the field measurements used to determine nonpoint 
chlorophyll loadings are higher than the data supplied by 
NVPDC for this parameter, nonpoint chlorophyll concentrations 
are still low in comparison to average concentrations at the 
upstream stations {Stations 4 and 5). 
The effect of the large changes in downstream boundary 
condition for chlorophyll is often noticeable even at station 
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5, although this effect is considerably damped and the 
picture confused by a series of rain events. A strong 
diurnal effect is exhibited in the model results for 
chlorophyll at all four stations. 
The model adequately predicts dissolved oxygen 
concentrations in most instances (E9). Rain events appear 
in the DO graphs for stations 4 and 5 as decreases in 
concentrations. The average DO concentration at station 
5 is close to the value of nonpoint source DO and the range 
at this station is small. Thus, the effect of rain events 
is not always readily apparent. Station 4, however, exhibits 
a greater range and higher average DO, and the effect of 
stormwater runoff is more noticeable. Figure 52 presents a 
closer look at field data versus model prediction of DO for 
the period of the diurnal survey. 
In general, the model succeeds in simulating the 
water quality conditions of the creek even though the results 
of long-term model simulation fails to match some of the data 
points. In comparing slackwater survey data with model 
simulation results, it should be born in mind that each data 
point is from a single grab sample and that data scattering 
is inevitable. The model not only adequately simulates the 
impact of point source loadings on the water quality, but 
also the water quality response to the time varying nonpoint 
source loadings. Both the seasonal time scale and intra-
tidal time scale of water quality variations can be simulated 
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from June 3, 1980 diurnal survey. 
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with the model at a single model run. This is possible 
because of the efficient numerical scheme employed in the 
model and the smallness of the creek. 
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V. Sensitivity Analysis 
A series of model runs was made to determine the 
impact of point source and nonpoint source loadings on the 
water quality in the creek. The input data employed in 
model calibrations were used as the base of this analysis. 
A model run was made with point source loadings for the 
nitrogen parameters, the phosphorus parameters and CBOD 
set to zero. For this run STP discharge was held at 0.22 
cubic meters per second with a IX) concentration of 8.1 
mg/1. A separate run was made with all nonpoint loadings 
of CBOD and nutrients set to zero, and a DO concentration 
of 4.7 mg/1. For this model run, as with the calibration 
runs, nonpoint discharge varied with each day of simulation. 
The elimination of nonpoint loadings made little 
difference in concentrations of ammonia nitrogen (Figure 
53). Setting point source inputs to zero led to drastic 
reductions in ammonia nitrogen throughout the creek (Figure 
54). Reducing nonpoint source inputs to zero had a signifi-
cant effect on the upstream concentrations of nitrite-
nitrate nitrogen (Figure 55), however, the elimination 
of the point source had a greater effect in all reaches 
below reach 5 (Figure 56). Organic nitrogen.showed a 
moderate decrease when point source loadings were.eliminated 
(Figure 57), but reducing the nonpoint source to zero had a 
greater effect (Figure 58). These results suggest that the 
nitrite-nitrate nitrogen and the ammonia nitrogen in the 
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creek are primarily contributed by the point source, while 
organic nitrogen is primarily contributed by nonpoint 
runoff. 
Elimination of the point source had little effect 
on either organic or ortho-phosphorus concentrations in 
the creek (Figures 59 and 60). However, the elimination 
of nonpoint inputs had a significant effect on concentra-
tions of both forms of phosphorus (Figures 61 and 62). · 
The results suggest nonpoint runoff is the major contributor 
of phosphorus in the creek. This is due to the fact that 
the STP is already removing most of its phosphorus. The 
elimination of point source inputs yielded upstream con-
centration of ortho-phosphorus that were still too high in 
comparison with field data. The elimination of nonpoint 
inputs yielded ortho-phosphorus concentrations that were 
low in all model segments. These results suggest that the 
nonpoint source is the cause of the discrepancy between model 
predictions and observed data of ortho-phosphorus (see 
Figure 44). 
Both point source and nonpoint source had a signifi-
cant effect on CBOD concentrations (Figures 63 and 64). The 
elimination of nonpoint source input had a greater effect on 
reaches upstream of reach 10 while the elimination of 
point source inputs had a slightly greater effect downstream 
of that reach. 
While the elimination of the point source had some 
effect in reducing phytoplankton growth (Figure 65), the 
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elimination of nonpoint loadings resulted in a larger 
decrease in the phytoplankton population (Figure 66). 
' 
Comparing these results to those of nitrogen and phosphorus 
suggests that when point sources were eliminated phytoplankton 
growth was nitrogen limited while when nonpoint inputs were 
eliminated growth was phosphorus limited. 
The elimination of the point source affected the 
average dissolved oxygen profile in two ways (Figure 67)·. 
Reach 2, the most upstream reach, became the location of 
the minimum average DO. This reach was dominated by 
nonpoint loadings. A second low point on the DO profile 
occurred at reach 7. This corresponded to the location 
of the sag point of the final calibration run. The con-
centration at reach 7 was 1.4 mg/1 higher than in the final 
calibration run and concentrations were higher throughout 
the creek. 
On the other hand, the elimination of nonpoint 
inputs had very little effect on dissolved oxygen concen-
trations in the creek. The average DO value for two tidal 
cycles decreased by less than 0.1 mg/1 at the sag point 
(Figure 68). The effect on DO of eliminating the oxidizable 
matter due to nonpoint sources was essentially balanced by 
the effect of a reduced phytoplankton population. 
A separate model run was made to assess the role 
of sediment oxygen demand (SOD). Setting SOD to zero 
resulted in an increase of 2.3 mg/1 at the minimum point of 
DO distribution curve (Figure 69). 
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Figure 66. Results of sensitivity analysis for chlorophyll 'a' -
non-point source inputs set to zero. 
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Figure 67. Results of sensitivity analysis for dissolved oxygen - point 
source inputs for nitrogen, phosphorus and CBOD set to zero. 
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Fi9ure 68. Results of sensitivity analysis for dissolved oxygen-
non-point source inputs for nitrogen, phosphorus and 
CBOD set to zero. 
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Figure 69. Results of sensitivity analysis for dissolved oxygen -
sediment oxygen demand set to zero. 
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Two model runs were made in which the downstream 
boundary conditions for all parameters except dissolved oxygen 
were set to zero to assess the importance of inputs from the 
Potomac River. These runs indicated that the downstream 
boundary conditions for CBOD, the nitrogen parameters and 
the phosphorus parameters have little effect on conditions 
upstream of the STP outfall (reach 11) where the water 
quality problem exists (Figures 70,71,72,73,74,75). Setting 
the chlorophyll 'a' boundary condition to zero has a signifi-
cant effect for some distance upstream of the STP outfall 
(Figure 76). This result is due to the relatively high 
boundary condition for chlorophyll obtained from field data 
and used in model calibration. 
Two tests on DO sensitivity were made in which it 
was assumed that the Potomac River was perfectly clean - no 
nutrients, no CBOD, no phytoplankton. For one of these runs 
the DO boundary condition was left at the oversaturated level 
indicated by field measurements (Figure 77). The run under 
these conditions resulted in a slight depression of average 
DO concentrations throughout the creek due to the lower 
phytoplankton concentrations mentioned above. In the second 
run for DO sensitivity the dissolved oxygen concentration in 
the Potomac River was assumed at saturated level while all 
other boundary conditions were maintained at zero. The 
lowering of the DO boundary condition had significant effect 
on DO concentrations only in that portion of the creek down-
stream of the STP outfall (Figure 78). 
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Figure 70. Results of sensitivity analysis for CBOD - downstream 
boundary conditions set to zero. 
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Figure 71. Results of sensitivity analysis for organic nitrogen -
downstream boundary conditions set to zero. 
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Figure 72. Results of sensitivity analysis for ammonia nitrogen-
downstream boundary conditions set to zero. 
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Figure 73. Results of sensitivity analysis for nitrite-nitrate nitrogen-
downstream boundary conditions set to zero. 
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Figure 74. Results of sensitivity analysis.for organic phosphorus-
downstream boundary conditions set to zero. 
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Figure 75. Results of sensitivity analysis for inorganic (ortho) 
phosphorus - downstream boundary conditions set to zero. 
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Figure 76. Results of sensitivity analysis for chlorophyll 
downstream boundary conditions set to zero. 
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Figure 77. Results of sensitivity analysis for dissolved oxygen-
downstream boundary conditions set to 11.1 mg/1 for DO, 
all other boundary conditions set to zero. 
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Figure 78. Results of sensitivity analysis for dissolved oxygen-
downstream boundary condition set to 8.1 mg/1 for DO, 
all oth~r boundary conditions set to zero •. 
t--' 
w 
\.0 
4.0 
140 
As previously mentioned, daily values for solar 
radiation were not available and an average daily value for 
the month of August {450 langleys) was used in model cali-
bration. To determine model sensitivity to this parameter 
two test runs were made. In one test solar radiation was 
reduced to 300 langleys per day. The results were a small 
reduction in phytoplankton population {Figure 79) and a 
slight lowering of DO concentrations, reduction of 0.4 mg/1 
DO at sag point {Figure 80). In the second test solar 
radiation was increased to 600 langleys per day. The results 
were a small increase in phytoplankton (Figure 81) and an 
increase of 0.2 mg/1 DO at the sag point (Figure 82). These 
results indicate that the use of the average daily value for 
the month of August is adequate for this study. 
Figure 83 presents the results of a model run made 
with the benthic flux of nitrite-nitrate nitrogen reduced to 
zero. The resulting average concentrations were as much as 
three times greater than the average field values. 
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Figure 79. Results of sensitivity analysis for chlorophyll 'a' -
daily solar radiation set to 300 langleys. 
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Figure 80. Results of sensitivity analysis for dissolved oxygen - daily 
solar radiation set to 300 langleys. 
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Figure 81. Results of sensitivity analysis for chlorophyll 'a' -
daily ~olar radiation set to 600 langleys. 
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Figure 82. Results of sensitivity analysis for dissolved oxygen-
daily solar radiation set to 600 langleys. 
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Figure 83. Results of sensitivity analysis for nitrite-nitrate nitrogen -
benthic flux of nitrite-nitrate set to zero. 
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VI. Discussion and Conclusions 
Field data indicate that undesirably low DO concen-
trations were common at the upstream station by early June, 
1980. Concentrations at station 5 measured during the 
diurnal survey of June 3-4 never rose above 4.5 mg/1 and 
averaged only 3.4 mg/1. At the same time DO concentrations 
downstream at station 2 averaged 9.1 mg/1. However, concen-
trations at station 2 did fall as low as 4.3 mg/1 at low 
tide during early morning. Similar results were recorded 
during the July 22-23 intensive survey. All four stations 
in the creek experienced DO concentrations below 4 mg/1. 
Stations 4 and 5 averaged 3.8 and 3.4 mg/1, respectively. 
At first glance the August 20-21, 1980 intensive 
survey suggests water quality conditions have improved in 
terms of average DO concentrations. Average concentrations 
at stations 4 and 5 were 7.0 and 4.7 mg/1, respectively. 
However, concentrations fall to 2 mg/1 at station 4 during 
the survey and to 0.9 mg/1 at station 5. Comparing chloro-
phyll concentrations for the upstream stations for the 
diurnal and intensive surveys, the values for stations 4 
and 5 during the August intensive survey are much higher 
than the concentration measured in the earlier surveys. 
Apparently the increased chlorophyll concentrations (and 
possibly, rooted aquatic plants also) at the upstream station 
during August 20-21 resulted in a greater diurnal variation 
in DO with some improvement in the average concentration. 
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In comparing the three surveys it must be remembered that the 
June 3-4 and the July 22-23 surveys were made during times of 
high nonpoint inputs while the August 20-21 survey was con-
ducted during a dry period with little runoff. It is possible 
that conditions in the creek changed little between early June 
and late August of 1980, with the exception_ of periods during 
and immediately following rain event. 
The measurements made during the slackwater surveys 
support the conclusions drawn from the intensive and diurnal 
surveys. The surveys taken at high slackwaters (5/21, 6/3, 
8/14, 9/2, 9/30), with one exception, show DO concentrations 
of 6 mg/1 or greater at stations 2 through 5. The exception 
was at station 4 on 5/21/80 when DO was measured as 4.9 mg/1. 
DO concentrations measured during daylight high slackwaters 
generally increase from 5/21 to 9/2/80 with conditions of 
supersaturation exhibited at most stations in the creek 
during the 8/14 and 9/2 surveys. 
On the other hand the survey made at or near low 
slackwaters on 6/24 and 7/8 exhibit undesirably low DO con-
centrations. On 6/24 measurement at stations 4 and 5 were 
3.7 and 2.6 mg/1, respectively. Although stations 4 and 5 
were not sampled during the 7/8 survey, a measurement of 9nly 
4.2 mg/1 was recorded at station 3. All slackwater surveys 
were conducted during daylight hours, however,· both low 
slackwater surveys were made in early morning. The lower 
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DO measured at low slackwaters probably reflect the effect 
of diurnal as well as tidal variations. 
Phytoplankton bloom conditions apparently existed 
in the lower portion of the creek by early June, 1980. 
During the June 3-4 diurnal survey the average value of 
chlorophyll 'a' at station 2 was 26.2 µg/1 while the highest 
measurement at that station was 41 µg/1. Station 5, the 
only other station sampled during the diurnal survey, 
averaged 6.4 µg/1 of chlorophyll with 11 µg/1 as the highest 
concentration measured. Similar results were measured at 
these two stations d~ring the July 22-23 intensive survey. 
During this survey, station 2 averaged 26.l µg/1 with 41 
µg/1 the highest concentration measured. For station 5 
the average and maximum concentrations were 5.5 and 21 µg/1, 
respectively. The August 20-21 intensive survey exhibits 
much higher concentrations of chlorophyll at stations 4 
and 5, the average values for the two tidal cycles being 
25.3 µg/1 for station 4 :and 20.2 µg/1 for station 5. How-
ever, as stated previously, some of the difference between 
surveys may be attributable to the difference between times 
of high runoff (June and July surveys) and dry periods with 
little runoff (August survey). It is clear that phyto-
plankton populations were high enough by early June of 1980 
to cause large diurnal fluctuations in dissolved oxygen 
concentrations, with phytoplankton respiration responsible 
for drastic decreases in DO at night. 
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Chlorophyll 'a' data from the slackwater surveys 
indicate a fairly rapid change in creek conditions between 
the 5/21 and the 6/3 high slackwater surveys. The chloro-
phyll concentrations measured at stations 2 and 5 on 5/21 
were 18.1 and 2.6 µg/1, respectively. On 6/3 the concen-
trations measured were 33.4 µg/1 for station 2 and 14.6 
µg/1 for station 5. Data from the 8/14 and 9/2 high slack-
water survey show chlorophyll concentrations remain relatively 
constant in the lower portion of the creek but continues to 
increase at stations 4 and 5. On 9/2 a concentration of 
41.9 µg/1 was measured at station 5. 
Field data for the inorganic nutrients show high 
enough concentrations to sustain phytoplankton bloom. There 
is apparently ample nitrogen at all times for further phyto-
plankton growth. However the data suggest that further 
phytoplankton growth is phosphorus limited. 
A mathematical model has been developed to simulate 
the hydrodynamic and water quality behaviors of the Little 
Hunting Creek. Comparison of field measurements with model 
results indicate that the model is able to repr0duce the 
conditions in the creek and that it is calibrated and vali-
dated. What discrepancies there are may in part be attributable 
to the necessity of relying on a single measurement to define 
downstream boundary conditions for more than 25 tidal cycles. 
Also, ranges of concentration produced by the model are 
generally less than those measured in the field. The basic 
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assumption of complete mixing within a model reach is one 
possible cause of this difference between field data and 
model output. In addition, the upper reach of the creek 
was covered extensively with rooted aquatic plants at time 
of field survey. These plants might have significant 
contribution to the diurnal DO variation which the model does 
not account for. 
Model analysis shows that ammonia and nitrite-nitrate 
nitrogen in the creek are dominated by point source inputs. 
Nonpoint source input to the creek is the dominant factor 
in the distribution of organic nitrogen, organic phosphorus 
and inorganic (ortho) phosphorus. Both point and nonpoint 
loadings are important to the concentrations of CBOD. For 
this parameter point source input dominates during dry periods 
of little surface runoff, while nonpoint source input has 
the greater effect in periods of high runoff. 
Analysis of model results indicate that the elimin-
ation of point source loadings would drastically reduce the 
concentrations of inorganic nitrogen throughout the creek.· 
This would result in phytoplankton growth being nitrogen 
limited. The reduced phytoplankton population would lead 
to less diurnal variation in dissolved oxygen concentrations. 
Phytoplankton respiration would have less effect in lowering 
the DO concentrations at night. Average DO concentrations 
throughout the creek would also improve with the elimination 
of the point source due to the reduced input of oxidizable 
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material. An increase of 1.4 mg/1 is achieved at reach 7, 
the location of DO sag. Model results also predict a 
relocation upstream of the point of minimum average DO 
concentration with the elimination of the point source. 
This relocation reflects the dominance of nonpoint loadings 
in the small upstream reaches. 
Model results indicate that the elimination.of 
nonpoint source inputs would result in low concentrations 
of inorganic phosphorus throughout the creek. Phytoplankton 
growth would thus be phosphorus limited and a reduced popu-
lation would result. The decline in phytoplankton growth 
with the elimination of nonpoint loadings is greater than 
that predicted when the point source is eliminated. How-
ever, the reduction in oxidizable matter introduced into the 
creek is much less than the reduction when point source inputs 
are set to zero. The effects on DO concentrations due to a 
reduced phytoplankton population and to reduced loadings of 
CBOD and ammonia nitrogen essentially balance. At the sag 
point the average DO concentration is reduced by less-than 
0.1 mg/1. 
Model ~nalysis also shows that sediment oxygen demand 
has significant,influence on 00 concentrations. Elimination 
of SOD leads to an increase of 2.3 mg/1 at the_ sag point, if 
all other conditions remain the same as model calibration run. 
Downstream boundary conditions for CBOD, the nitrogen 
parameters and the phosphorus parameters have been shown to 
have little effect on conditions upstream of the STP outfall 
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where the water quality problem exists. The downstream 
boundary condition for chlorophyll 'a' can have a moderate 
effect for some distance above the STP outfall due to the 
relatively high boundary concentrations determined from 
some field surveys. Lowering the downstream boundary 
condition for DO from 11 mg/1 to 8.1 mg/1 had very little 
effect on DO concentrations above the STP outfall. 
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Appendix A 
Slackwater Surveys 
5/21/80 - Slackwater Survey - Little Hunting Creek 
sample time (hour/min.) 1255 1315 1325 1340 11r;o 1110 1410 1410 
sample station 1 2 3 4 5 6 7 STP 
water depth (m) 3.0 1.8 0.9 1.5 1.5 - - -
sample depth (m) 1.5 0.9 0.5 0.8 0.8 - - -
disk visibility (m) 0.7 0.5 - 0.4 0.3 0.2 0.2 -
conductivity - - - - - - - -
temperature (Co) 20.4 20.3 22.5 19.1 18.0 17.5 17.9 19.5 
pH 7.7 7.9 7.6 6.8 6.8 6.9 6.9 6.5 
Ch - - - - - - - 3.0 
alkalinity 14 70 68 40 24 21 23 34 
(mg/1 as CaC01) 
suspended solids, volatile 41 44 43 56 36 41 35 157 
(mg/t) fixed DB 142 174 tl30 96 87 94 tl.81 
-
TKN (mg/!) 0.6 0.9 1.1 4.8 0.9 0.8 0.6 14.4 
total phosphorus ( tn.2/ '1.) 0.1 0.1 0.1 0.9 0.2 0.1 0.1 0.2 
ortho phosphorus (mg/R,) .03 .02 .03 0.9 .08 .06 .06 .07 
ammonia (mg/R, as N) 0.6 0.7 0.7 3.7 0.3 0.1 0.1 13.5 
0. 76 1.0 0.9 .02 .56 0.8 .52 1.5 
nitrate (mg/9.. as N) 
nitrite (mg/t as·N) .04 .OS .06 .09 .04 .03 .03 .01 
CBODs (m1../'1.) 0.5f 3 1.4 4 1.9 3 3 0.53 
TOC (mg/t) 5 9 7 13 15 17 22 16 
chlorophyll (u2/t) 6.6 18.·1 16.6 3.3 2.6 5.3 1.4 
-
00 (mg/t) 8.0 8.3 8.1 4.9 6.8 8.0 8.0 8.2 
CBOD30 (mg/9.-) 2.9 - 3.6 - 6.1 - - 4.3 
I 
6/3/80 - Slackwater Survey - Little Hunting Creek· 
sample time (hour/min.) 1100 1115 1130 1140 1155 1115 1020 1220 
sample station 1 2 3 4 5 6 7 STP 
water depth (m) 2.7 1.2 1.5 1.2 1.2 0.5 0.2 -
sample depth (m) 1.4 0.6 0.8 0.6 0.6 0.3 0.1 -
disk visibilitv (m) 0.5 0.5 0.5 0.5 0.4 bot. bot. -
conduc tivitv - - - - - - ~ -
temperature (Co) 24.5 24.8 22.0 24.7 24.6 22.0 23.0 21.0 
pH 7.1 8.1 8.4 7.6 7.2 7.5 6.3 7.2 
Ch - - 0.0 0.1 0.0 o.o 0.0 2.0 
alkalinity 55.9 52.3 51.6 50.8 49.4 38.7 33.7 65.0 
(m'I./ 1 as CaCOt) 
suspended solids, _volatile 4 5 7 7 7 3 10 9 
(m'l./i) fixed 18 22 18 22 21 7 34 3 
~ 
TKN {mg/R,) 0.8 .. 0.6 0.6 2.0 3.3 1.0 1.1 23.0 
total phosphorus (mg/ R,) 0.1 0.1 0.1 0.1 0.1 0.1 0.2 0.1 
ortho phosphorus (mg/ R,) .02 .01 .01 .01 .02 .04 .05 .09 
ammonia (m2/i as N) 0.5 0.1 0.1 1.4 2.3 0.3 0.1 22.5 
nitrate (m'l./i as N) 1.1 1.1 1.1 1.1 1.0 0.46 0.22 1.9 
nitrite (me./! as N) .03 .03 .03 .04 .06 .04 .03 .09 
CBODs (mp_/R,) 2 3.4 4.2 5.0 4.1 1.6 6.6 6.1 
TOC. (m2/ R,) 9 10 
' 
11 13 11 10 21 10 
chlorophyll (u2/i) 11.6 33.4 34.7 23.8 14.6 1.0 56.8 -
DO (me./ i) 7.0 7.8 9.9 9.2 6.5 4.3 6.3 8.7 
CBOD30 (mg/R,) - 6.3 7.9 8.8 6.5 3.0 14.1 14.7 
. 
6/24/80 ~ Slackwater Survey - Little Hunting Creek 
sample time (hour/min.) 0840 0900 0910 0915 0925 1045 0930 
sample station 1 2 3 4 5 6 7 
water depth (m) 3.0 2.4 1.2 0.9 1.2 0.2 0.1 
sample depth (m) 1.5 1.2 0.6 0.5 0.6 0.1 0.1 
disk visibility (m) 0.5 0.2 0.2 0.3 0.4 0.2 0.1 
conductivity - - - - - - -
temperature (Co) 24.9 25.5 25.5 24.5 24.7 21.5 22.0 
pH 8.8 8.6 8.3 7.4 7.2 7.0 7.5 
Cb - - - 0.5 - 0.0 0.0 
alkalinity 65 63 63 60 - 44 42 
(mg/1 as CaCOa) 
suspended solids, volatile 4 12 11 9 - 10 2 
(mg/1) fixed 16 39 41 22 - 4 8 
TKN (mg/1) 0.9 2.1 2.8 6.3 - 0.8 0.4 
total phosphorus (mg/1) 0.1 0.1 0.1 0.1 - 0.1 0.1 
ortho phosphorus (mg/ 1) .01 .02 .02 .05 - .05 .02 
ammonia (mg/1 as N) 0.4 1.4 2.1 5.1 - 0.1 0.1 
.76 .73 • 72 .70 - .29 .03 
nitrate (mg/1 as N) 
nitrite (mg/1 as. N) .04 .07 .08 .10 - .04 .02 
CBODs (mg/1) 3 3 4.3 4.0 - 1 1 
TOC (mg/1) 9 13 13 14 - 11 12 
chlorophyll (µg/1) 20.1 20 .• 1 18.6 3.7 11.6 4.8 2.7 
DO (mg/t) 9.2 7.9 6.6 3.7 2.6 2.0 6.3 
CBOD30 (mg/i) - - 9.0 9.8 - - -
0950 
STP 
-
-
-
-
22.0 
7.3 
2.5 
57 
5 
5 
21.2 
0.1 
.07 
19.2 
1. 74 
.06 
4.4 
19 
-
8.0 
9.7 
-
I 
f,-1 
u, 
(X) 
7/8/80 Slackwater Survey - Little Hunting Creek 
~.Ple time (hour/min.) 1035 1040 1150 - - 0945 0900 , ,nn 
sample station 1 2 3 4 5 6 7 STP 
water deoth (m) 3.0 - - - - - - -
sample deoth. (m) 1.5 - - - - - - -
disk visibility (m) 0.8 0.5 0.5 - - - - -
conductivity - - - - - - - -
temperature (Co) 26.0 26.0 23.7 - - 20.8 21.5 '21.5 
pH 7.0 7.2 7.0 - - 7.0 6.7 7.0 
Cb - - - - - - - 2.5 
alkalinity 46 52 56 - - 29 19 6 ( mg/ 1 as Ca CO t) 
suspended solids, volatile 5 12 14 - - 8 22 5 
(mg/ 1) fixed 17 34 40 - - 24 46 5 
TKN (m2/1) 1.6 3.0 4.1 - - 0.7 0.6 21. 4 
total phosphorus (m2/1) 0.1 0.1 0.1 - - 0.1 0.1 0.1 
ortho ohosphorus (mg/1) .02 .03 .04 - - .05 .04 .05 
anmonia (mg/R, as N) 0.9 1.5 2.3 - - 0.1 0.1 21.4 
0.6 0.6 0.6 - - 0.8 0.6 1.8 
nitrate (mg/1 as N) 
nitrite (mg/1 as N) .09 .10 .10 - - .04 .04 .07 
CBODs (mv./ 1) 1 5 5 - - 6 8 4.0 
TOC , (mg/ 1) 10 7 16 - - 13 22 19 
chloroohyll (ug/1) 11.1 32.3 25.5 - - 3.7 3.3 -
DO (mg/1) · 8.7 5.5 4.2 - - 4.3 4.5 5.1 
CBOD10 (mg/R-) - - - - - - - 17.3 
8/14/80 - Slackwater Survey - Little Hunting Creek 
sample time (hour/min.) 0950 0945 0930 0915 0900 1200 
samole station 1 2 3 4 5 6 
water depth (m) 4.6 4.6 1. 7 0.9 1.2 0.5 
sample depth (m) 2.3 2.3 0.9 0.5 0.6 0.3 
disk visibility (m) 0.7 0.4 0.4 0.3 0.4 0.4 
, 
conductivity - - - - - -
temperature (Co) 29.1 28.3 28.2 28.0 27.2 24.3 
pff 6.5 7.6 7.8 8.0 7.3 6.5 
Ch 0.0 0.0 0.0 0.0 0.0 0.0 
alkalinity 18 17 18 18 23 47 
(mg/1 as CaCOt) 
suspended solids, volatile 2 6 8 8 11 2 
(mg/R,) fixed 10 24 23 37 39 10 
TKN (mg/t) 1.1 .1.0 ' 1.2 1.2 2.4 0.4 
total phosphorus (mg/Jl,) 0.1 0.1 0.1 0.2 0.2 0.2 
ortho phosphorus (mg/1) .02 .07 .07 .09 .07 .07 
atmnonia (mg/R, as N) 0.7 0.1 0.1 0.1 1.5 0.3 
nitrate (mg/Jl, as N) 0.6 .45 .41 .37 .45 .09 
nitrite (mg/ Jl, as· N) .19 .05 .05 .04 .05 .03 
CBODs (mv./1) 1 5 5 5 5.9 0.9 
TOC . (mg/ R,) 9 12 15 15 14 7 
chlorophvll (µg/Jl,) 5.2 41.1 34.9 24.2 28.8 1.0 
DO (mg/R,) 5.0 11.5 12.0 10.5 8.5 2.4 
CBOD10 (mg/R,) - - - - 14.3 3.5 
1145 
7 
0.2 
0.1 
-
-
26.0 
7.3 
0.0 
34 
5 
5 
0.4 
0.1 
.07 
0.1 
.12 
.02 
2.4 
12 
16.2 
7.5 
6.7 
1100 
STP 
-
-
-
-
25.7 
7.3 
2.1 
67 
5 
5 
22:.4 
0.1 
.09 
19.0 
1.6 
.07 
7.5 
23 
-
7.8 
22.6 
. 
I-' 
O'\ 
0 
9/2/80 - Slackwater Survey - Little Hunting Creek 
sample time (hour/min.) 1415 1400 1335 1320 1300 1100 1030 1225 
sample station 1 2 3 4 5 6 7 STP 
water depth (m) 3.7 3.7 1.3 1.6 1. 7 0.6 0.1 -
sample depth· (m) 1.9 1.9 0.7 0.8 0.9 0.3 0.1 -
disk visibility (m) 0.6 0.4 0.4 0.3 0.3 0.5 - -
conductivitv - - - - - - ...; -
temperature (Co) 29.2 29.8 29.8 30.0 29.8 25.0 25.8 27.0 
pH 6.9 8.9 9.0 9.0 6.8 6.7 7.8 7.3 
Ch - 0.2 0.1 0.1 o.o 0.0 0.0 2.1 
alkalinity 
- - - - - - - -
(m'l./ 1 as CaCOt) 
suspended solids, volatile 5 4 5 7 7 3 16 7 
(mg/ R,) fixed 4 10 14 26 32 12 78 3 
TKN (ma/!) 1.0 0.9 0.9 1.0 5.1 0.4 0.5 25.2 
total t>hosohorus (m'l./1) 0.1 0.1 0.1 0.2 0.2 0.2 0.1 0.2 
ortho phosphorus (mg/J,) .01 .03 .03 .05 .06 .05 .03 .10 
ammonia (m'l./1 as N) 0.3 0.1 0.1 0.1 2.7 0.2 0.1 20.0 
nitrate (m'l./1 as N) LO 0.9 0.9 0.8 0.6 .08 .36 1.8 
nitrite (mg/1 as N) .11 .08 .09 .08 .08 .02 .01 .07 
CBODs (mv../ R.) 2 5 5 6 7.0 3.0 4.6 8.4 
TOC ~ (mg/ 1) 10 13 11 13 13 6 9 23 
chlorophyll (u~/!) 17.0 35.4 26.2 33.6 41.9 4.6 41.1 -
DO (mg/!) 9.3 14.6 14.5 14.4 8.9 1.6 7.9 8.3 
CBOD10 (mg/R.) - - - - 13.5 8.0 12.3 24.3 
. 
9/30/80 - Slackwater Survey - Little Hunting Creek 
~mp_le t ir.ie (hour/min.) 1300 1245 1230 1220 1207 0945 0930 1000 
sarnp_le stat ion 1 2 3 4 5 6 7 STP 
wa u~_r depth (m) 3.2 4.0 1.5 1.9 1.8 0.5 0.9 -
sample depth (m) 1.6 2.0 0.8 1.0 0.9 0.3 0.5 - ... 
~ visibility (m) 0.7 0.5 0.5 0.7 0.7 0.1 bot. -
conductivity - - - - - - - -
temoerature (Co) 22.0 21.0 21.0 21.0 21.0 15.0 16.0 24.0 
pH 7.6 7.8 7.7 7.6 7.6 6.7 7.4 7.6 
Cl, - - 0.1 0.1 - - - 2.5 
alkalinity 43 42 42 42 43 38 32 78 (mg/1 as CaCOt) 
suspended solids, volatile 3 4 3 6 7 4 5 4 
(mg/'1,) fixed 13 16 14 23 21 25 8 4 
TK.i.'! (mg/ .t) 1.3 1.3 1.3 1. 7 3.3 0.5 0.2 26.6 
total phosphorus (m2/'J..) 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 
ortho phosphorus (mg/R.) .05 .04 .04 .05 .06 .09 .06 .11 
ammonia (mg/R, as N) 0.9 0.8 0.7 1.0 1.9 0.1 0.1 26.0 
nitrate (m'i./1 as N) 1.6 1.5 1.5 1.6 1.5 .39 .11 1.8 
nitrite (mv./1 as·N) .18 .17 .17 .17 .17 .03 .01 .11 
CBODs (mg/ '1,) 2.0 2.7 2.7 3.5 3 5 1 3.0 
TOC (rs:./ t) 9 9 9 10 11 8 10 19 
~_l_l?rophdl (uv./ R.) - .:. - - - -- -
DO (i::g/t) 5.2 7.4 8.4 7.2 6.1 2.4 6.8 8.7 
-·-
CBOD30 (mg/i) 3.8 5.1 5.8 6.1 - - - 19.0 
. 
6/22/81 - Slackwater Survey - Little Hunting Creek 
sample time (hour/min.) 1025 1010 0100 0945 0925 1320 1300 1115 
sample station ·.1 2 3 4 5 6 7 STP 
water depth (m) 6.5 4.5 3.2 2.0 2.5 0.5 .04 -
samole depth (m) 3.3 2.2 1.6 1.0 1.3 0.3 - -
disk visibility (m) 0.7 0.5 0.5 0.3 0.3 0.3 btm -
conductivity 
- - - - - - - -
temperature (Co) 28.0 28.0 28.0 28.0 27.0 26.0 27.5 30.0 
pH 7.6 7.7 7.6 7.4 7.3 6.7 6.5 6.7 
c12 0.0 0.0 0.0 0.0 0.0 o.o o.o 2.0 
alkalinity acidity 
- - - - - - - -
(ID'i!./ £. as CaC03) 
total suspended solids 52 27 32 43 41 12 16 20 
(mg/£) 
TKN (mg/£) 0.6 0.7 0.7 2.3 1.0 0.7 0.7 24.5 
total phosphorus (mg/!) 0.1 0.1 0.1 0.2 0.2 0.1 0.1 0.2 
ortho phosphorus (mg/R,) .04 .06 .04 .04 .03 .07 .04 .09 
ammonia (mg/R, as N) 0.1 0.1 0.1 1.1 0.1 0.1 0.1 24.5 
nitrate (mg/R, as N) 1.3 1. 3 1.3 1.0 1.1 .31 0.5 1.4 
nitrite (mg/R, as N) .03 .03 .03 .05 .03 .02 .05 .05 
CBOD'1 (mg/R,) 2.9 3.1 2.9 4 4 2 2 8.3 
TOC (mg/1) 9 10 11 12 12 13 16 23 
chlorophyll (µg/Jl) 13.3 21.1 22.9 30.4 15.4 1.6 4.3 -
DO (mg/9.,) 6.8 8.3 8.7 9.5 7.0 3.0 5.0 6.2 
CB0D':lo (mg/Jl) 5.7 5.7 6.1 - - - - 19.4 
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Appendix B 
Little Hunting Creek 
Intensive Survey 
August 20-21, 1980 
Little Hunting Creek Diurnal Survey June 3-4, 1980 
Station 2 Station 5 
'Time D.O. Temp. Chlorophyll 'a' Time D.O. Temp. Chlorophyll 'a' 
(est) (mg/1) (CO) (µg/1) (est) (mg/1) (CO) (µg/1) 
1235 11.1 24.7 1245 4.5 10.9 
1320 11. 6 25.7 1305 3.9 
1400 12.0 29.9 1410 3.1 6.6 
1520 10.2 26.3 1500 3.1 
1600 11.8 27.1 1600 
1700 1700 
..... 
1800 7.2 25.9 1825 4.5 8.7 O'\ U'I 
1920 7.2 17.9 1900 4.0 23.9 
2010 10.6 29.3 2000 
2100 10.8 25.5 2100 
2200 10.1 26.0 2205 4.1 23.8 6.6 
2300 9.5 24.5 2300 4.3 24.0 
0000 8.6 21.4 0004 4.2 23.9 7.6 
0100 8. 9 . 24.2 0100 3.5 23.5 
0200 9.2 28.4 0200 2.8 23.0 5.2 
0300 7.7 24.2 0301 2.2 22.5 
0400 5.2 16.4 0356 2.3 22.5 2.3 
Little Hunting Creek Diurnal Survey June 3-4, 1980 (Cont'd) 
Station 2 Station 5 
Time D.O. Temp. Chlorophyll I a f Time D.O. Temp. Chlorophyll I a I 
(est) (mg/1) (CO) (µg/1) (est) (mg/1) (CO) (µg/1) 
0500 4.4 23.0 0530 2.7 21.3 
0620 4.3 20.5 0600 2.6 4.6 
0700 4.5 22.9 0720 2.1 21.2 
0815 8.9 23.6 0800 1.9 6.3 
0912 10.1 23.6 0900 4.1 21.5 
1000 11.0 34.9 1015 3.7 5.1 ..... 
°' 1112 11.6 24.3 1100 4.1 22.1 °' 
1200 12.6 40.8 1215 3.8 22.2 
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Temperature (C0 ) Little Hunting Creek 8/20-8/21/80 
Time Station 
(est) 1 2 3 4 5 
1500 26.4 26.2 26.2 26.3 25.9 
1600 26.2 26.3 26.3 26.0 25.8 
1700 26.1 26.2 26.2 25.8 25.6 
1800 26.2 26.1 25.9 25.8 25.4 
1900 26.0 25.8 25.5 25.6 25.0 
2000 25.9 25.5 25.3 25.2 24.8 
2100 25.0 24.8 24.8 25.0 24.7 
2200 25.0 25.0 24.9 25.0 24.7 
2300 25.3 25.2 25.5 25.2 24.7 
0000 25.6 25.6 25.4 25.0 24.6 
0100 25.6 25.3 25.4 25.0 24.7 
0200 25.2 25.3 25.2 24.7 
0300 25.5 25.3 25.3 25.3 25.0 
0400 25.3 25.0 25.2 24.9 24.7 
0500 25.3 25.1 25.1 25.1 24.7 
0600 25.2 25.1 25.0 24.7 24.4 
0700 25.0 24.8 25.1 24.3 24.0 
0800 25.1 24.6 26.0 23.9 23.7 
0900 24.9 24.5 24.4 23.9 23.8 
1000 24.7 24.6 24.4 24.1 23.7 
1100 25.2 25.0 24.5 24.6 24.4 
1200 25.3 25.1 25.0 24.7 24.2 
1300 25.7 25.2 25.1 26.3 26.0 
1400 25.3 25.2 25.2 26.6 26.5 
1500 25.8 25.3 25.2 26.6 26.6 
1600 25. 4 25.2 25.2 26.7 26.6 
1700 25.1 25.0 25.0 26.7 26.6 
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Disk Visibility (m) Little Hunting Creek 8/20-8/21/80 
Time Station 
(est) 1 2 3 4 5 
1500 .6 .4 • 4 .5 .s 
1600 .4 .4 .3 .s .5 
1700 .4 .3 .3 .4 .6 
1800 .4 .3 .3 .5 .6 
1900 .4 • 3 .3 .5 .6 
0500 • 4 
0600 .7 .5 .4 .4 .4 
0700 .6 .4 .4 .4 .6 
0800 . 5 .3 .3 .6 .6 
0900 .6 .3 .3 .5 .7 
1000 .4 .5 .4 .8 .6 
1100 • 6 .4 .4 . 4 .7 
1200 .6 .5 .5 .5 .5 
1300 .s .5 .4 .4 .4 
1400 .6 .5 • 4 .4 .3 
1500 .7 .5 .3 .3 .4 
1600 • 6 .s .4 .3 .4 
1700 .5 .4 . 4 .4 .3 
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Dissolved Oxygen (mg/1) Little Hunting Creek 8/20-8/21/80 
Time Station 
(est) 1 2 3 4 5 
1500 8.0 11.1 12.3 11.2 7.2 
1600 10.0 12.0 12.4 11.2 7.3 
1700 11. 4 12.6 12.9 9.1 5.5 
1800 12.8 12.8 11. 7 5.6 4.2 
1900 12.2 10.7 8.3 4.2 3.5 
2000 12.1 9.2 5.7 3.7 2.8 
2100 11.2 7.8 5.0 4.3 2.9 
2200 10.8 5.3 4.3 2.3 
2300 10.8 11.2 9.6 3.8 2.2 
0000 8.0- 11. 0 10.7 4.7 4.4 
0100 7.3 10.1 10.6 6.0 3.7 
0200 4.6 8.5 9.3 8.7 4.2 
0300 4,7 8.6 8.7 9.7 7.1 
0400 6.3 8.2 8.3 9.2 7.5 
0500 8.7 10.0 9.1 8.0 5.0 
0600 6.3 9.0 8.8 6.0 3.9 
0700 7.8 8.4 8.3 3.2 1.9 
0800 6.0 8.6 6.2 2.0 1.4 
0900 7.9 7.8 5.8 2.3 1.3 
1000 9.4 9.2 6.4 3.5 1. 6. 
1100 7.1 12.0 7.6 4.6 0.9 
1200 6.6 12.0 12.1 7.3 3.6 
1300 8.2 11.6 12.2 9.4 5.6 
1400 9.0 9.8 11. 0 11. 8 7.6 
1500 7.4 10.4 10.2 12.6 10.4 
1600 7.8 11.2 11.0 12.4 10.1 
1700 8.4 11.4 12.6 10.1 8.5 
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TKN (mg/1) Little Hunting Creek 8/20-8/21/80 
Test Station 
(est) 1 2 3 4 5 
1500 1.3 1.1 1.2 2.2 4.7 
1700 1.2 1.1 1. 4 4.1 6.4 
1900 1. 2 2.5 4.6 6.2 4.9 
2100 1.9 3.9 5.3 8.6 4.0 
2300 1.2 1.2 2.7 6.4 5.4 
0100 1.2 1.2 1.3 4.1 7.1 
0300 1.3 1.1 1.2 1.6 3.4 
0400 1.3 1.1 1.1 
0500 2.1 3.8 
0600 1.4 1.1 1.4 
0700 4.6 5.7 
0800 1.4 1. 9 3.2 
0900 7.0 5.4 
1000 1.3 1.7 3.4 
1100 5.0 5.5 
1200 1.2 1.1 1.3 
1300 2.5 6.0 
1400 1.2 1. 2 1.3 
1500 1.4 3.0 
1600 1.4 1.2 1.3 
1700 1.4 1.2 1.3 2.6 3.4 
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Ammonia (mg/1) Little Hunting Creek 8/20-8/21/80 
Time Station 
(est) 1 2 3 4 5 
1500 0.5 0.2 0.2 1.0 3.5 
1700 0.4 0.2 0.4 3.1 5.1 
1900 0.3 1.5 3.5 4.9 4.0 
2100 0.8 2.7 4.0 8.5 3.2 
2300 0.2 0.2 1.5 4.7 4.2 
0100 0.6 0.2 0.2 3.1 5.2 
0300 1.0 0.3 0.3 0.6 2.6 
0400 0.5 0.3 0.3 
0500 1.0 2.6 
0600 0.8 0.2 0.5 
0700 3.2 4.1 
0800 0.7 0.6 1.9 
0900 4.9 3.9 
1000 0.4 0.6 2.0 
. 1100 3.3 3.8 
1200 0.7 0.1 0.1 
1300 1.0 4.0 
1400 0.5 0.4 0.3 
1500 0.3 1.5 
1600 0.7 0.4 0.3 
1700 0.6 0.3 0.3 1.2 1.9 
,, 
172 
Nitrite (mg/1) Little Hunting Creek 8/20-8/21/80 
Time Station 
(est) 1 2 3 4 5 
1500 .14 .13 .13 .11 .10 
1700 .11 .12 .14 .10 .08 
1900 .10 .11 .10 .08 .05 
2100 .11 .10 .10 .04 .04 
2300 .11 .11 .11 .08 .06 
0100 .13 .11 .11 .11 .09 
0300 .15 .13 .12 .11 .10 
0400 .12 .13 .12 
0500 .11 .10 
0600 .14 · .12 .11 
0700 .10 .09 
0800 .12 .11 .10 
0900 .09 .07 
1000 .10 .10 .10 
1100 .09 .08 
1200 .14 .10 .09 
1300 .10 .10 
1400 .15 .11 .10 
1500 .10 .09 
1600 .14 .11 .11 
1700 .12 .11 .10 .10 .10 
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Nitrate (mg/1) Little Hunting Creek 8/20-8/21/80 
Time Station 
(est) 1 2 3 4 5 
1500 0.9 0.8 0.8 0.7 0.7 
1700 0.8 0.8 0.8 0.7 0.7 
1900 0.8 0.8 0.8 0.6 0.39 
2100 0.8 0.7 0.7 1.0 0.27 
2300 0.8 0.8 0.8 0.7 0.43 
0100 0.8 0.8 0.8 0.7 0.7 
0300 0.7 0.9 0.9 0.8 0.7 
0400 0.8 0.8 0.8 
0500 0.8 0.8 
0600 0.8. 0.8 0.8 
0700 0.7 0.6 
0800 0.8 0.8 0.8 
0900 0.8 0.4 
1000 0.8 0.8 0.8 
1100 0.7 0.5 
1200 0.8 0.8 0.8 
1300 0.8 0.8 
1400 0.9 0.8 0.8 
1500 0.8 0.8 
1600 0.8 0.8 0.8 
1700 0.8 0.8 0.8 0.8 0.8 
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Total Phosphorus (mg/1) Little Hunting Creek 8/20-8/21/80 
Time Station 
(est) 1 2 3 4 5 
1500 0.1 0.1 0.1 0.1 0.2 
1700 0.1 0.1 0.1 0.1 0.1 
1900 0.2 0.1 0.1 0.1 0.1 
2100· 0.1 0.2 0.2 0.1 0.1 
2300 0.1 0.1 0.1 0.1 0.1 
0100 0.1 0.1 0.1 0.2 0.2 
0300 0.1 0.1 0.1 0.1 0.1 
0400 0.2 0.1 0.1 
0500 0.2 0.2 
0600 0.1 0.1 0.2 
0700 0.2 0.2 
0800 0.1 0.2 0.2 
0900 0.2 0.2 
1000 0.3 0.2 0.2 
1100 0.2 0.2 
1200 0.3 0.2 0.1 
1300 0.2 0.2 
1400 0.1 0.2 0.1 
1500 0.1 0.2 
1600 0.2 0.2 0.1 
1700 0.2 0.2 0.1 0.2 0.2 
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Ortho Phosphorus (mg/1} Little Hunting Creek 8/20-8/21/80 
Time Station 
(est} 1 2 3 4 5 
1500 .02 .02 .03 .04 .03 
1700 .03 .03 .03 .03 .03 
1900 .03 .03 .03 .04 .06 
2100 .03 .03 .03 .07 .07 
2300 .03 .03 .03 .OS .06 
0100 .01 .02 .03 .03 .06 
0300 .02 .02 .02 .03 .03 
0400 .01 .01 .02 
0500 .03 .02 
0600 • 01 · .02 .02 
0700 .03 .04 
0800 .01 .03 .03 
0900 .07 .OS 
1000 .01 .03 .03 
1100 .03 .05 
1200 .02 .03 .04 
1300 .03 .04 
1400 .01 .01 .03 
1500 .04 .03 
: 
1600 .01 .01 .02 
1700 .01 .03 .03 .02 .03 
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CBOD5 (mg/1) Little Hunting Creek 8/20-8/21/80 
Time Station 
(est) 1 2 3 4 5 
1500 1.9 3.3 3.0 4.8 5.0 
1700 3.0 4.0 3.0 2.0 5.0 
1900 3.0 5.0 5.0 5.0 4.0 
2100 3.7 4.6 5.3 3.9 3.7 
2300 3.0 3.0 5.0 5.0 4.0 
0100 2.0 3.0 3.0 4.0 6.0 
0300 2.0 2.0 3.0 4.0 5.0 
0400 3.0 4.0 3.0 
0500 5.0 5.0 
0600 2.0 .3. 0 5.0 
0700 s.o 5.0 
0800 1.0 4.0 5.0 
0900 5.0 4.0 
1000 3.0 4.0 5.0 
1100 4.0 4.0 
1200 2.0 3.0 6.0 
1300 5.0 5.0 
1400 2.0 3.0 3.0 
1500 6.0 5.0 
1600 1.7 4.0 4.0 
1700 2.2 4.0 4.0 6.0 4.0 
CBOD30 (mg/1) 
Time Station 
(est) 1 2 3 4 5 
1500 6.1 9.3 10.1 11.4 
2100 11.7 . 11. 5 11. 7 16.0 9.1 
1600 4.7 
1700 4.6 
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Chlorophyll 'a' (µg/1) Little Hunting Creek 8/20-8/21/80 
Time Station 
(est) 1 2 3 4 5 
1500 15.1 28.2 32.3 32.8 30.1 
1700 26.2 7.6 38.9 30.6 21. 2 
1900 32.8 37.3 30.6 16.6 15.9 
2100 37.1 28.2 28.0 9.4 5.9 
2300 33.4 29.3 31.2 17.5 11.8 
0100 17.5 29.9 32.3 27.7 21.0 
0300 3.6 27.3 21.8 27.3 26.4 
0400 15.7 26.6 24.5 
0500 28.0 24.0 
0600 5.5 26.9 26.2 
0700 26.0 17.9 
0800 5.0 40.8 26.9 
0900 18.6 15.3 
1000 21.4 28.6 25.8 
1100 20.3 18.8 
. 
1200 12.7 30.6 31. 4 
1300 35.8 12.7 
1400 25.3 20.7 20.1 
1500 39.3 28.2 
1600 15.5 26.0 22.9 
1700 15.1 32.1 38.2 23.6 33.8 
178 
Total Organic Carbon (mg/1} Little Hunting Creek 8/20-8/21/80 
Time Station 
(est} 1 2 3 4 5 
1500 10 10 11 12 14 
1700 11 11 13 15 15 
1900 11 13 14 17 13 
2100 13 14 15 16 19 
2300 13 12 12 15 13 
0100 9 12 13 16 16 
0300 9 12 11 12 12 
0400 12 11 12 
0500 15 15 
0600 9 11 11 
0700 14 14 
0800 9 13 12 
0900 15 16 
1000 11 22 14 
1100 15 14 
1200 9 14 11 
1300 13 14 
1400 10 11 10 
1500 14 13 
1600 9 11 12 
1700 10 12 13 13 14 
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Suspended Solids (mg/1) Little Hunting Creek 8/20-8/21/80 
Time Station 
(est) 1 2 3 4 5 
1500 14 24 23 22 27 
1700 19 28 22 26 18 
1900 21 26 34 20 18 
2100 24 38 38 11 16 
2300 24 31 33 40 22 
0100 23 34 34 50 42 
0300 12 24 18 28 38 
0400 13 22 17 
0500 24 24 
0600 14 29 20 
0700 31 16 
0800 16 27 22 
0900 18 9 
1000 18 23 24 
1100 30 17 
1200 9 22 25 
1300 32 43 
1400 13 17 24 
1500 25 37 
1600 10 21 10 
1700 10 21 13 21 21 
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pH Little Hunting Creek 8/20-8/21/80 
Time Station 
(est) 1 2 3 4 5 
1500 6.3 7.8 7.8 9.8 6.9 
1600 
1700 6.8 7.7 7.9 6.8 6.8 
1800 8.0 
1900 7.2 7.3 7.2 7.0 6.7 
2000 7.3 
2100 7.3 6.8 6.7 
2200 
2300 7.2 7.3 6.7 
0000 
0100 6.7 7.0 6.8 
0200 
0300 6.2 6.8 6.9 
0400 6.7 6.6 7.0 7.6 7.6 
0500 7.0 7.6 
0600 6.0 6.7 6.8 6.9 6.8 
0700 6.9 6.9 
0800 5.5 6.6 6.5 6.9 6.9 
0900 7.0 6.9 
1000 6.7 6.8 6.6 7.1 6.9 
1100 7.0 7.0 
1200 6.5 7.5 7.5 7.0 7.0 
1300 7.0 7.0 
1400 6.8 6.7 6.9 7.0 7.0 
1500 7.2 7.1 
1600 6.5 7.0 7.0 7.1 T.l 
1700 6.5 7.2 7.4 7.1 7.2 
Little Hunting Creek 8/20-8/21/80 
Total Ortho 
Date Station Time Temp. D.O. Phos Phos. TKN Ammonia Nitrite Nitrate 
(est) (OC) (mg/1) (mg/1) (mg/1) (mg/1) (mg/1) (mg/1) (mg/1) 
8/20/80 6 1400 22.5 4.7 0.1 .04 0.5 0.2 .01 .20 
8/21/80 6 1530 23.0 5.5 0.2 .04 0.3 0.1 .03 .33 
8/20/80 7 110-0 2.4. 0 6.5 0.1 .04 0.7 0.1 .01 .17 
8/20/80 7 1500 22.0 6.3 0.1 • 06 , . 1.2 0.8 .02 .21 
8/21/80 7 0300 23.0 6.9 0.2 .07 :o. 5 0.3 .03 .19 
8/21/80 7 1600 23.0 6.9 0.2 .09 0.9 0.6 .04 .26 
8/20/80 8 0300 22.0 9.0 0.1 .12 17.6 14.0 .03 1.80 
8/20/80 8 1500 22.0 8.0 0.1 · .10 17.6 15.0 .04 2.20 
8/21/80 8 0300 25.0 7.8 0.2 .06 14.2 14.2 .02 2.00 
8/21/80 8 1600 25.0 7.5 0.2 .07 17.6 17.6 .06 2.50 
I-' 
(X) 
Date Station Time CBOD5 CBOD30 Chl' a' T.O.C. S.Solids pH Sample Type I-' 
(est) (mg/1) (mg/1) (µg/1) (mg/1) (mg/1) (mg/1) 
8/20/80 6 1400 1.7 4.8 1.6 13 148 7.0 grab 
8/21/80 6 1530 1.0 2.3 7 6 7.6 grab 
8/20/80 7 1100 2.5 6.9 6.2 15 78 7.0 grab 
8/20/80 7 1500 1. 8 6.0 0.6 13 13 7.0 12 hr comp. 
8/21/80 7 0300 1.8 4.3 10 5 7.4 12 hr comp. 
8/21/80 7 1600 1. 7 4.2 12 7 7.4 12 hr comp. 
8/20/80 8 0300 7.2 17.1 18 8 7.5 12 hr comp. 
8/20/80 8 1500 6.5 16.7 22 4 7.5 12 hr comp. 
8/21/80 8 0300 2.9 17.0 18 5 7.2 12 hr comp. 
8/21/80 8 1600 3.8 17.1 16 5 7.2 12 hr comp. 
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Data Preparation and Presentation 
Several water quality and input parameters, as measured 
in-situ or analyzed in the laboratory, are not directly suited 
for use in the model or for purposes of comparison. These 
parameters must be converted to a useable form before the 
modelling effort can proceed. Among the parameters 
requiring conversion are Total Kjeldahl Nitrogen (TKN), five-
day carbonaceous biochemical oxygen demand (CBOD5), and 
Secchi depth. The conversion formulae employed are detailed 
in subsequent sections of this appendix. The balance of the 
appendix is devot~d to presentation of the field data and to 
comparison of the slack w~ter data and model results. 
A. Conversion,.6f TKN 
As analyzed in the laboratory, TKN includes organic 
nitrogen, ammonia, and the nitrqgenous biomass of the phyto-
plankton in the sample. The ammonia and biomass fractions 
must be subtracted from the TKN values to yield the organic 
nitrogen parameter as employed in the model. The conversion 
formula is 
where 
Org N 
TKN 
= 9rganic nitrogen concentration of sample 
= t9tal Kjeldahl nitrogen of sample 
( .-
= ammonia concentration of sample 
J. 
=.ratio of nitrogen to chlorophyll in algal 
biomass= 0.005 mg/µgm (assumed) 
(Al) 
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B. Conversion of CBOD5 
All BOD samples were suppressed to inhibit nitrification 
process. A 0.2 g of the nitrification inhibitor, trichloro-
methyl pyridine, was added to each 300 ml of BOD bottle prior 
to sample collection. The samples were brought to 20°c, 
and the dissolved oxygen measured. The samples were then 
incubated at 20°c for 5 days in the dark and DO was measured 
again. The reduction in dissolved oxygen is a measure of 
BOD, termed CBOD5 • At least one sample from each slackwater 
survey and one sample from each station of intensive survey 
were analyzed for ultimate carbonaceous biochemical oxygen 
demand (CBOD). The samples were split into four, two 
u 
diluted with 1 to 3 ratio and the other two without dilution. 
The samples were then brought to 20°c and the dissolved oxygen 
measured, by probe, on the 0, 2, 5, 10, 15, 20 and 30 days. 
During this time, the samples were incubated at 20°c in the 
dark. The data of DO reduction for CBOD analysis are listed 
u 
in Table Cl. The DO reduction over 30 days is considered as 
CBOD. 
u 
The CBOD5 values were scaled-up to corresponding CBODu 
values to provide a consistent set of data for comparison 
with the model results. This scaling was performed on the 
data for each survey through multiplication of the CBOD5 
values by the CBOD /CBODS ratio of the CBOD sample(s). 
u u 
These ratios are presented in Table C2. An average value 
of the ratio was determined for each station from this 
table. The averages so determined were used for all CBOD5 
samples at that station. 
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Table Cl. Ultimate CBOD Analyses 
( 1) • Slackwater Surveys 
May 21, 1980, Station 1 
Dilution Ratio 
Day BOD 1/3 1/3 1/1 1/1 
2 0.1 0.3 0.9 0.1 
5 0.1 0.3 1.4 0.5 
10 0.9 0.9 2.0 1.4 
15 2.1 1.8 2.4 2.0 
20 2.1 1.5 2.5 2.1 
30 3.3 2.7 3.0 2.7 
May 21, 1980, Station 3 
Dilution Ratio 
Day BOD 1/3 1/3 1/1 1/1 
4 1. 2 0.1 0.6 1.1 
5 1. 5 0.9 1.1 1.9 
10 2.7 1.5 2.2 2.7 
15 3.3 3.0 2.7 3.2 
20 3.3 2.7 2.8 3.4 
30 3.3 3.6 3.5 3.9 
May 21, 1980, Station 5 
Dilution Ratio 
Day BOD 1/3 1/3 1/1 1/1 
2 1.2 0.6 1.7 0.6 
5 1. 5 1.5 2.8 1.8 
10 2.7 2.7 4.4 3.2 
15 4.2 3.9 5.5 4.1 
20 4.5 4.5 6.0 4.6 
30 6.0 5.7 7.0 5.8 
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May 21, 1980, Station STP 
Dilution Ratio 
Day BOD 1/3 1/3 1/1 1/1 
2 0.1 0.9 0.1 0.1 
5 0.1 1.2 0.3 0.5 
10 1. 5 2.4 1.8 1.5 
15 3.0 3.3 2.8 2.8 
20 3.3 3.6 3.5 3.6 
30 4.5 4.2 4.4 4.3 
June 3, 1980, Station 2 
Dilution Ratio 
Day BOD 1/3 1/3 1/1 1/1 
2 0.9 1.8 2.0 1.6 
5 3.0 3.3 3.7 3.4 
10 4.8 4.8 5.7 4.9 
15 5.1 5.4 6.3 5.5 
20 5.4 6.0 6.8 5.9 
30 6.0 6.0 7.0 6.4 
June 3, 1980, Station 3 
Dilution Ratio 
Day BOD 1/3 1/3 1/1 1/1 
2 2.7 1. 2 2.1 - 2. 3 
5 5.1 3.3 4.2 4.4 
10 6.9 5.4 6.2 6.6 
15 7.8 5.7 6.8 7.3 
20 9.6 6.3 7.2 7.9 
30 9.6 6.6 7.6 7.8 
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June 3, 1980, Station 4 
Dilution Ratio 
Day BOD 1/3 1/3 1/1 1/1 
2 3.0 5.0 1.2 1.5 
5 7.0 6.0 3.6 3.6 
10 9.0 8.0 5.4 4.8 
15 9.0 8.0 5.4 4.8 
20 11.0 12.0 5.7 5.7 
30 10.0 12.0 6.3 6.9 
June 3, 1980, Station 5 
Dilution Ratio 
Day BOD 1/3 1/3 1/1 1/1 
2 1.0 2.0 2.4 1.2 
5 2.0 4.0 4.2 4.2 
10 6.0 5.0 5.1 4.2 
15 5.0 5.0 5.7 4.8 
20 5.0 5.0 7.5 5.4 
30 5.0 6.0 6.6 6.9 
June 3, 1980, Station 6 
Dilution Ratio 
Day BOD 1/3 1/3 1/1 1/1 
2 0.6 1.1 0.3 0.2 
5 1. 8 2.1 1.0 0.9 
10 2.4 2.7 1. 6 1.7 
15 2.7 3.3 1.8 2.4 
20 3.0 3.9 2.2 2.9 
30 3.3 3.0 2.4 3.2 
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June 3, 1980, Station 7 
Dilution Ratio 
Day BOD 1/3 1/3 1/1 1/1 
2 3.6 2.1 2.4 2.8 
5 6.9 5.7 6.5 7.2 
10 10.8 9.3 9.7 10.3 
15 12.9 10.5 11.4 12.2 
20 14.7 11.4 12.6 13.3 
30 15.0 12.6 14.4 14.6 
June 3, 1980, Station STP 
Dilution Ratio 
Day BOD 1/3 1/3 1/10 1/10 
2 2.1 2.4 3.0 1.0 
5 5.7 6.9 7.0 5.0 
10 7.8 9.6 9.0 7.0 
15 12.0 13.2 12.0 10.0 
20 14.1 15.0 14.0 11.0 
30 16.2 16.5 13.0 13.0 
June 24, 1980, Station 3 
Dilution Ratio 
Day BOD 1/3 1/3 1/1 1/1 
2 1.8 2.4 1.8 . 1. 7 
5 3.9 5.4 4.0 3.8 
10 5.7 6.6 5.6 5.5 
15 8.1 8.7 7.0 6.3 
20 8.7 9.9 7.0 6.9 
30 9.6 10.5 8.2 7.6 
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June 24, 19.80, Station 4 
Dilution Ratio 
Day BOD 1/3 1/3 1/1 1/1 
2 1. 8 1.8 1.6 1.8 
5 4.8 3.9 3.8 3.7 
10 5.7 6.0 5.5 6.1 
15 8.7 7.8 7.1 7.9 
20 9.6 8.4 7.9 8.5 
30 10.8 9.3 9.3 9.9 
June 24, 1980, Station STP 
Dilution Ratio 
Day BOD 1/3 1/3 1/1 1/1 
2 2.1 2.4 2.6 2.3 
5 4.8 3.6 4.8 4.5 
10 6.9 6.3 6.8 5.9 
15 9.3 7.2 8.3 7.3 
20 9.6 9.0 9.0 8.0 
30 10.1 9.6 10.0 9.1 
July 8, 1980, Station STP 
Dilution Ratio 
Day BOD 1/3 1/3 1/1 1/1 
2 2.1 1.8 2.0 3.0 
5 4.8 4.2 3.0 4.0 
10 10.5 9.9 9.0 11.0 
15 12.0 13.0 14.0 
20 16.8 14.0 14.0 
30 9.8 18.0 14.0 
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August 14, 1980, Station 5 
Dilution Ratio 
Day BOD 1/3 1/3 1/1 1/1 
2 2.1 2.1 2.1 2.3 
5 6.0 6.0 5.6 5.9 
10 11.4 9.4 9.4 9.6 
15 12.6 11.4 10.8 11. 5 
20 14.1 12.9 11.6 12.2 
30 14.7 17.1 12.6 12.9 
August 14, 1980, Station 6 
Dilution Ratio 
Day BOD 1/3 1/3 1/1 1/1 
2 0.5 o.o 0.2 0.1 
5 1.5 0.5 1. 0 0.4 
10 1.0 0.1 1.4 1.2 
15 3.5 2.0 2.2 2.0 
20 3.5 3.0 2.6 2.2 
30 5.0 3.5 3.0 2.6 
August 14, 1980, Station 7 
Dilution Ratio 
Day BOD 1/3 1/3 1/1 1/1 
2 0.6 0.9 1.3 -1.1 
5 2.7 2.1 2.4 2.3 
10 3.6 3.6 3.8 3.7 
15 5.7 4.5 5.0 4.7 
20 6.3 5.1 5.5 5.3 
30 7.5 6.0 6.6 6.7 
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August 14, 1980, Station STP 
Dilution Ratio 
Day BOD J /3 1/3 1/10 
2 3.0 3.0 2.0 
5 7.8 8.7 6.0 
10 14.4 16.2 14.0 
15 19.8 20.l 21.0 
20 21.0 21.9 19.0 
30 23.4 24.3 20.0 
September 2, 1980, Station 5 
Dilution Ratio 
Day BOD 1/3 1/3 1/10 1/10 
2 3.0 3.6 4.2 3.9 
5 6.0 6.6 7.9 7.4 
10 9.0 9.9 10.8 10.3 
15 8.4 10.2 11.8 11.3 
20 9.6 11.1 12.9 12.3 
30 11.7 13.8 14.5 13.9 
September 2, 1980, Station 6 
Dilution Ratio 
Day BOD 1/3 1/3 1/1 1/1 
2 1.5 1. 2 3.0 3.0 
5 3.0 1.8 3.0 4.0 
10 6.6 2.7 7.0 6.0 
15 10.5 2.4 6.0 2.0 
20 13.5 3.3 8.0 6.0 
30 16.8 3.3 4.0 8.0 
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September 2, 1980, Station 7 
Dilution Ratio 
Day BOD 1/3 1/3 1/1 1/1 
2 2.4 2.4 3.1 2.1 
5 4.8 4.8 5.0 4.1 
10 8.1 7.8 8.9 6.7 
15 10.8 8.4 9.9 9.8 
20 12.6 9.3 10.9 11.0 
30 13.5 12.3 12.0 11.5 
September 2, 1980, Station STP 
Dilution Ratio 
Day BOD 1/3 1/3 1/10 1/1.0 
2 3.0 2.4 2.0 3.0 
5 9.0 8.7 7.0 9.0 
10 14.1 13.8 13.0 16.0 
15 19.8 19.2 15.0 20.0 
20 22.6 21.2 17.0 24.0 
30 23.4 24.6 23.0 26.0 
September 30, 1980, Station 1 
Dilution Ratio 
Day BOD 1/3 1/3 1/1 1/1 
2 0.6 2.1 0.6 0.3 
5 4.2 1. 8 1. 0 1. 0 
10 2.7 6.0 1.7 1.1 
15 5.1 6.0 1. 7 1.7 
20 3.9 3.9 2.8 2.0 
30 4.5 5.1 3.0 2.5 
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September 30, 1980, Station 2 
Dilution Ratio 
Day BOD 1/3 1/3 1/1 1/1 
2 2.4 1. 2 0.8 1.2 
5 4.2 2.7 1.6 2.4 
10 6.6 4.5 2.8 3.3 
15 6.3 6.0 1.4 3.5 
20 5.7 6.0 1.8 4.3 
30 6.9 6.6 2.3 4.8 
September 30, 1980, Station 3 
Dilution Ratio 
Day BOD 1/3 1/3 1/1 1/1 
2 0.9 0.9 1. 4 1. 0 
5 2.1 3.6 2.8 2.1 
10 4.8 5.7 3.9 3.3 
15 5.4 5.4 4.6 3.0 
20 6.0 5.7 5.0 4.2 
30 6.3 6.6 5.7 4.5 
September 30, 1980, Station 4 
Dilution Ratio 
Day BOD 1/3 1/3 1/1 1/1 
2 2.1 2.4 1.0 1.0 
5 3.3 5.7 2.5 2.4 
10 6.9 7.2 4.0 3.3 
15 5.7 6.9 4.9 3.2 
20 7.5 7.2 5.1 3.5 
30 7.5 7.5 5.7 3.5 
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September 30 I 1980, Station STP 
Dilution Ratio 
Day BOD 1/3 1/3 1/1 1/1 
2 1.0 1.2 5.0 1.0 
5 2.4 2.7 4.0 13.0 
10 6.3 8.7 15.0 1.0 
15 9.6 8.4 14.0 7.0 
20 14.7 10.0 18.0 12.0 
30 18.2 15.9 24.0 18.0 
(2). Intensive Surveys 
August 20, 1980, 1500 hrs., Station 1 
Dilution Ratio 
Day BOD 1/3 1/3 1/1 1/1 
2 0.1 0.3 0.4 0.2 
5 1.5 2.7 1.9 1.3 
10 3.9 4.8 3.6 3.3 
15 3.9 5.1 4.6 4.1 
20 5.1 2.7 s.o 4.1 
30 6.0 6.0 6.4 5.8 
August 20, 1980, 2100 hrs., Station 1 
Dilution Ratio 
Day BOD 1/3 1/3 1/1 1/1 
2 0.9 0.9 0.4 -1.3 
5 4.5 3.6 3.3 3.2 
10 8.4 6.9 6.6 6.8 
15 9.3 7.8 9.4 9.5 
20 9.6 9.6 10.4 10.1 
30 9.9 11. 7 11.8 13.2 
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August 21, 1980, 1600 hrs., Station 1 
Dilution Ratio 
Day BOD 1/3 1/3 1/1 1/1 
2 0.9 1.5 0.9 1.0 
5 1.8 2.1 1.4 1.4 
10 3.9 3.9 2.6 2.6 
15 3.9 4.2 2.9 3.1 
20 5.1 4.5 3.5 3.6 
30 5.4 5.1 3.5 4.7 
August 21, 1980, 1700 hrs., Station 1 
Dilution Ratio 
Day BOD 1/3 1/3 1/1 1/1 
2 1. 5 2.1 0.9 0.8 
5 2.7 2.7 1. 5 1.8 
10 3.9 3.6 3.0 3.0 
15 3.3 3.6 3.4 3.1 
20 4.8 4.5 3.1 3.0 
30 5.1 5.4 4.2 3.7 
August 20, 1980, 1500 hrs., Station 2 
Dilution Ratio 
Day BOD 1/3 1/3 1/1 1/1 
2 0.9 0.6 1.3 1. 2 
5 3.6 3.0 2.7 3.7 
10 7.2 6.9 6.0 7.0 
15 8.7 8.4 7.4 8.6 
20 9.0 7.8 8.4 9.0 
30 8.4 8.7 9.8 10.4 
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August 20, 1980, 2100 hrs., Station 2 
Dilution Ratio 
Day BOD 1/3 1/3 1/1 1/1 
2 0.9 1. 2 1.5 1.6 
5 4.2 5.4 4.2 4.6 
10 8.1 9.0 7.5 7.8 
15 8.4 9.3 8.9 9.2 
20 9.9 10.5 9.5 10.1 
30 11. 7 12.3 10.9 10.9 
August 20, 1980, 1500 hrs., Station 3 
Dilution Ratio 
Day BOD 1/3 1/3 1/1 1/1 
2 0.3 0.9 1.1 1.0 
5 2.4 3.6 3.1 2.8 
10 6.0 7.2 6.3 5.8 
15 8.4 5.4 9.2 8.0 
20 8.7 9.6 9.7 9.0 
30 9.0 9.6 10.9 10.8 
August 20, 1980, 2100 hrs., Station 3 
Dilution Ratio 
Day BOD 1/3 1/3 1/1 1/1 
2 1. 5 1. 2 1. 6 ·2.2 
5 5.4 4.5 5.6 5.5 
10 8.4 8.7 8.5 8.7 
15 9.3 10.2 10.7 10.6 
20 10.5 10.8 11.4 11.4 
30 10.2 11.1 12.8 12.8 
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August 20, 1980, 1500 hrs., Station 4 
Dilution Ratio 
Day BOD 1/3 1/3 1/1 1/1 
2 1.2 1.5 2.0 0.9 
5 4.2 4.8 5.3 4.9 
10 8.7 8.1 8.9 8.3 
15 9.0 9.3 9.3 8.9 
20 9.6 9.6 9.9 9.9 
30 11.4 10.8 12.4 11.1 
August 20, 1980, 2100 hrs., Station 4 
Dilution Ratio 
Day BOD 1/3 1/3 1/10 1/10 
2 0.6 1. 2 4.0 1.0 
5 3.6 4.8 . 9:. 0 3.0 
10 8.4 8.4 15. 0 · 12.0 
15 10.2 11.7 18.0 15.0 
20 10.1 12.9 18.0 15.0 
30 13.2 16.8 18.0 16.0 
August 20, 1980, 2100 hrs., Station 5 
Dilution Ratio 
Day BOD 1/3 1/3 1/1 1/1 
2 0.9 1.5 1.8 1.8 
5 3.0 3.9 3.9 4.0 
10 6.0 6.0 6.0 6.6 
15 6.6 6.9 7.4 8.0 
20 7.8 7.8 7.8 8.9 
30 7.3 7.2 9 .. 7 12.0 
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{ 3) • Intensive Survey, July, 1980 
July 22, 1980, 1745 hrs., Station 1 
Dilution Ratio 
Day BOD 1/3 1/3 1/1 1/1 
2 2.1 2.1 2.4 2.4 
5 6.0 6.3 5.1 5.7 
10 10.2 10.8 9.0 9.5 
15 11.7 11.7 11.4 11.8 
20 12.6 12.0 12.2 12.9 
30 13.5 13.5 13.2 13.5 
July 22, 1980, 1735 hrs., Station 2 
Dilution Ratio 
Day BOD 1/3 1/3 1/1 1/1 
2 2.7 2.1 2.7 2.7 
5 6.0 6.3 6.5 6.0 
10 10.8 10.5 11.0 11.1 
15 12.3 11.7 13.6 12.3 
20 12.6 12.6 14.7 13.2 
30 14.1 13.2 15.5 14.2 
July 22, 1980, 1525 hrs., Station 3 
Dilution Ratio 
Day BOD 1/3 1/3 ·1/1 1/1 
2 2.7 2.7 3.6 3·. 4 
5 7.2 6.9 9.1 8.7 
10 8.4 12.0 13.2 13.3 
15 13.2 13.2 15.0 14.9 
20 14.1 14.1 15.6 15.5 
30 15.3 15.0 17.4 17.3 
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July 23, 1980, 0130 hrs., Station 3 
Dilution Ratio 
Day BOD 1/3 1/3 1/1 1/1 
2 1.8 1.5 2.4 2.4 
5 3.9 5.1 6.0 5.4 
10 7.8 9.0 9.0 8.7 
15 9.0 10.2 11.0 10.2 
20 9.3 10.2 11.6 10.9 
30 10.2 9.0 12.0 11.4 
July 23, 1980, 0325 hrs., Station 3 
Dilution Ratio 
Day BOD 1/3 1/3 1/1 1/1 
2 0.1 0.6 1.6 1.6 
5 2.7 3.3 4.0 4.5 
10 5.4 5.7 6.8 7.1 
15 6.9 6.6 8.7 8.9 
20 7.5 6.6 9.4 9.6 
30 6.6 6.6 9.6 9.6 
July 22, 1980, 1515 hrs., Station 4 
Dilution Ratio 
Day BOD 1/3 1/3 ·1/1 1/1 
2 4.5 4.5 2.0 4.0 
5 11.1 11.7 4.0 6.0 
10 15.0 15.9 14.0 12.0 
15 16.8 17.1 14.0 15.0 
20 17.7 18.0 14.0 15.0 
25 18.9 19.2 16.0 13.0 
200 
July 22, 1980, 1810 hrs., Station 4 
Dilution Ratio 
Day BOD 1/3 1/3 1/1 1/1 
2 
5 4.5 5.7 
10 7.2 8.6 
15 8.4 10.4 
20 8.7 11.5 
30 9.3 12.0 
July 22, 1980, 2245 hrs., Station 4 
Dilution Ratio 
Day BOD 1/3 1/3 1/1 1/1 
2 1.8 0.6 0.1 1.0 
5 4.2 3.0 0.1 0.0 
10 7.2 6.0 3.0 6.0 
15 8.7 7.5 6.0 8.0 
20 9.6 7.8 6.0 9.0 
30 9.6 9.3 8.0 12.0 
July 22., 1980, 1530 hrs., Station 5 
Dilution Ratio 
Day BOD 1/3 1/3 ·1/1 1/1 
2 2.7 2.4 3.2 3.0 
5 6.9 6.6 8.3 8.1 
10 10.8 9.3 10.9 10.5 
15 12.0 10.8 12.6 12.6 
20 13.2 11.7 13.9 13.7 
30 14.4 12.9 14.7 
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July 22, 1980, 2320 hrs., Station 5 
Dilution Ratio 
Day BOD 1/3 1/3 1/1 1/1 
2 0.9 0.6 2.1 2.3 
5 3.3 3.0 4.7 4.9 
10 5.7 4.8 6.9 7.2 
15 6.9 6.6 8.2 8.4 
20 8.1 7.2 9.0 9.3 
30 9.0 8.4 10.2 10.4 
July 22, 1980, 1030 hrs., Station 6 
Dilution Ratio 
Day BOD 1/3 1/3 1/1 1/1 
2 
5 6.0 
10 10.2 
15 13.2 
20 14.4 
30 16.5 
July 22, 1980, 1500 hrs., Station 6 
Dilution Ratio 
Day BOD 1/3 1/3 ·1/1 1/1 
2 
5 2.7 3.1 
10 4.5 7.2 
15 6.1 8.4 
20 6.1 8.7 
30 8.4 9.3 
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July 23, 1980, 0300 hrs., Station 6 
Dilution Ratio 
Day BOD 1/3 1/3 1/1 1/1 
2 
5 2.4 3.1 
10 3.6 5.3 
15 4.5 6.3 
20 4.8 6.9 
30 5.4 7.2 
July 23, 1980, 1550 hrs., Station 6 
Dilution Ratio 
Day BOD 1/3 1/3 1/1 1/1 
2 0.6 0.9 0.4 0.2 
5 1. 5 0.9 1.1 0.8 
10 2.4 2.4 2.3 1.6 
15 3.9 3.3 2.7 2.3 
20 4.2 3.9 3.1 2.6 
30 4.2 3.9 3.3 2.9 
July 22, 1980, 0300 hrs., Station 7 
Dilution Ratio 
Day BOD 1/3 1/3 ·1/1 1/1 
2 2.4 2.1 3.2 :3. 8 
5 5.4 6.0 7.1 7.8 
10 8.4 9.3 9.9 11. 0 
15 10.8 11.4 11.7 13.2 
20 11.4 13.2 12.9 14.5 
30 15.0 14.7 14.7 16.1 
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July 22, 1980, 1500 hrs., Station 7 
Dilution Ratio 
Day BOD 1/3 1/3 1/1 1/1 
2 3.3 2.7 3.9 3.6 
5 6.9 6.6 7.4 7.7 
10 10.5 10.8 11.4 11.4 
15 12.9 13.8 13.5 13.4 
20 15.3 15.0 15.2 15.0 
30 17.4 17.4 16.9 17.1 
July 23, 1980, 0300 hrs., Station 7 
Dilution Ratio 
Day BOD 1/3 1/3 1/1 1/1 
2 0.3 0.6 1.4 1.1 
5 1.2 1. 5 2.9 2.6 
10 3.9 3.6 4.9 4.4 
15 4.8 5.1 6.1 5.6 
20 5.4 4.2 6.7 6.5 
30 5.4 4.5 7.7 7.2 
July 23, 1980, 1500 hrs., Station 7 
Dilution Ratio 
Day BOD 1/3 1/3 ·1/1 1/1 
2 2.4 1.2 1.6 1. 9 
5 4.2 2.7 3.4 3.9 
10 6.9 5.7 5.6 6. 0 .. 
15 8.4 6.3 7.0 7.8 
20 9.6 6.9 8.1 8.7 
30 9.6 6.9 9.0 9.4 
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July 22, 1980, 0300 hrs., Station STP 
Dilution Ratio 
Day BOD 1/3 1/3 1/10 1/10 
2 1. 8 1. 5 0.1 4.0 
5 7.5 6.3 6.0 9.0 
10 13.8 12.6 9.0 14.0 
15 17.7 17.1 15.0 17.0 
20 18.9 18.9 15.0 18.0 
30 20.1 19.5 14.0 15.0 
July 22, 1980, 1500 hrs., Station STP 
Dilution Ratio 
Day BOD 1/3 1/3 1/10 1/10 
2 1. 8 2.4 1. 0 0.0 
5 6.0 6.9 6.0 3.0 
10 10.8 11.1 11. 0 10.0 
15 15.3 15.6 15.0 13.0 
20 17.1 17.1 16.0 14.0 
30 18.6 19.2 17.0 15.0 
July 23, 1980, 0300 hrs., Station STP 
Dilution Ratio 
Day BOD 1/3 1/3 ·1/10 1/10 
2 1. 8 2.1 5.0 fr. 0 
5 4.5 4.8 8.0 15.0 
10 4.5 8.4 18.0 23.0 
15 10.5 11.4 24.0 30.0 
20 12.9 13.2 27.0 33.0 
30 13.2 13.8 27.0 36.0 
July 23, 1980, 1500 hrs., 
Day BOD 1/3 
2 .3. 3 
5 6.9 
10 12.6 
15 17.1 
20 19.2 
30 20.7 
Day BOD 1/3 
Day BOD 1/3 
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Station STP 
Dilution Ratio 
1/3 1/10 
3.3 0.1 
7.5 3.0 
13.5 . 8. 0 
16.5 11.0 
18.3 13.0 
19.6 12.0 
Dilution Ratio 
1/3 1/1 
Dilution Ratio 
1/3 ·1/1 
1/10 
4.0 
7.0 
5.0 
12.0 
15.0 
16.0 
1/1 
1/1 
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TABLE C 2. CBODu/CBOD5 Ratios. 
Station 
Date 1 2 3 4 5 6 7 STP 
5/21/80 5.1* 2.6 3.2 8.3* 
6/3/80 1. 9 1. 9 1. 7 1. 7 2.1 2.2 2.4 
6/24/80 2.1 2.5 2.2 
7/8/80 4.3 
7/22/80 2.3 2.3 2.0 2.0 1.9 2.7 2.3 2.4 
7/22/80 2.1 2.1 2.3 3.0 2.4 3.2 
7/23/80 2.2 2.6 2.4 3.0 2.8 
7/23/80 3.3 2.5 2.8 
8/14/80 2.4 4.1 2.8 3.0 
8/20/80 3.3 2.9 3.4 2.4 2.9 2.7 2.4 
8/20/80 3.2 2.5 2.2 3.1 2.4 2.4 2.6 
8/21/80 2.8 2.4 4.1 
8/21/80 2.1 2.5 4.5 
9/2/80 1.9 2.7 2.7 2.9 
9/30/80 1. 8 1.9 2.2 1.7 3.4 
AVG. 2.6 2.3 2.3 2.3 2.3 2.8 2.6 3.1 
*Not used in averaging. 
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A further correction was incorporated to allow for the 
planktonic biomass which contributed to the ultimate BOD of 
each sample. 
relationship 
Final values of CBOD were obtained via the 
u 
CBODU = R * CBOD5 - ac * 2.67 * CH (A2) 
where 
CBOD = ultimate carbonaceous biochemical oxygen demand u 
of sample 
CBOD5 = five-day carbonaceous biochemical oxygen demand 
of sample 
R = ratio of CBODu/CBOD5 
a = ratio of carbon to chlorophyll in algal biomass C 0.042 mg/µg (assumed) 
CH = chlorophyll "a" concentration of sample 
c. Conversion of Secchi Depth 
Secchi depth or disk visibiiLity (DV) was employed as a 
field measure of light penetration. Disk visibility observed 
through the season is shown in Figure Al. ~rhese values were 
converted to light extinction, for use in Eq. 19, via the 
relaitonship of Sverdrup et al. (1970). 
= 
k = 1.7/DV 
e 
(A3) 
The extinction coefficj~ent was next corrected for the local 
phytoplankton concentration by the formula of Riley (1956) 
where 
k .• = k - o.ooss~cH-o.os4·cH213 
e e 
k' = non-phytoplartkton related light extinction (m- 1 ) 
e 
CH = chlorophyll "a" concentration (µg/1) 
(A4) 
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Appendix D. Non-point Source Inputs 
Key to· Figures Dl - D8 
NVPDC predictions 
~ Estimates from field measurements 
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Figure Dl. Nonpoint source flow rate. 
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Figure D2. Non-point source organic nitrogen input. 
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Figure 03. Non-point source ammonia input. 
>-i 100 ro 
ro 
" O"l ~
s:: 
(1) 
O"l 
0 
1 
~ 
..µ 
·r-1 
z 
(1) 
..µ 
ro 1. $.-I 
..µ 
·r-1 
z 
I 
(1) 
..µ 
·..-i 
~ 0.1 
..µ 
·r-1 
z 
. 01 •---------------------------------------' 
I May June July I August I September October 
Figure D4. Non-point source nitrite-nitrate input. 
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Figure D5. Non-point source organic phosphorus input. 
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Figure D6. Non-point source inorganic phosphorus input. 
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Figure 07. Non point source CBOD input. 
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Appendix E. Results of Model Validation 
model 
~ slackwater survey measurements 
• diurnal or intensive survey - average value 
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Figure E2. Validation results - ammonia nitrogen -
station 2. 
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Figure ES. Validation results - inorganic (ortho) 
phosphorus, station 2. 
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Figure E6. Validation results - organic phosphorus, 
station 2. 
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Figure E7. Validation results - CBOD, station 2. 
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Figure E8. Validation results - chlorophyll 'a', 
station 2. 
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Figure E9. Validation results - dissolved oxygen, 
station 2. 
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